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Abstract	
Cognitive load theory (CLT) research has primarily focussed on how instructors and 
designers of instruction can manage learners’ cognitive load. An emergent area of CLT 
over the last five years has shifted to providing students with the opportunity to apply 
CLT principles themselves by teaching them how to self-manage their cognitive load. 
The rationale for this new direction of CLT research is that with proliferation of online 
materials it is unlikely that students will always access instructional materials that are 
compliant with CLT principles. While self-management of cognitive load research has 
shown some evidence supporting its viability, the focus, to date, has been on the split-
attention effect, with most of the research being conducted with university students. 
This thesis study is the first of its kind that explores the self-management of cognitive 
load with a focus on another cognitive load theory effect, the redundancy effect, and 
primary school students. 
 
Three experiments were conducted to investigate the efficacy of teaching upper primary 
school students how to self-manage extraneous cognitive load when presented 
instructional materials with obvious redundancy. In each of the three experiments, 
participants were randomly allocated to one of three instructional conditions: 
redundancy condition, redundancy-free condition, or redundancy with guidance 
condition. The instructional material students’ studied in the three experiments was on 
the water cycle.  
 
Overall, statistically significant findings were only found for mental effort across the 
three experiments and for instructional efficiency in Experiment 1. However, the results 
from this study suggest there is potential in pursuing the teaching of primary school 
	 iv	
students on how to self-manage the redundancy effect for the following two reasons. 
Firstly, the redundancy with guidance condition outperformed (not at a statistically 
significant level) both the redundancy and redundancy-free conditions for far-transfer 
performance test items in all three experiments. Secondly, the means and effect sizes for 
the redundancy with guidance condition were similar to the redundancy-free condition 
in each of the three experiments for recall, and near transfer.  
 
This study also identified how the redundancy effect can be evident within instructional 
materials in a variety of ways, thus demonstrating the complexity of  self-managing the 
redundancy effect. An analytical tool was created to classify the type of redundancy 
evident in past redundancy effect research and the present study. This analytical tool is 
then used to provide a framework to guide further research on the self-management of 
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The purpose of this thesis was to investigate the efficacy of teaching students how to 
self-manage extraneous cognitive load when presented with instructional materials with 
evident redundancy. This chapter provides a background to the study and explains the 
significance of this research. The research questions that guided this study are presented 
and a summary of the methodology as well as limitations of the current study is 
provided. Definitions of key terms used throughout the thesis are included and the 
chapter concludes by explaining the structure of the thesis.  
 
1.1	Background	
The research is underpinned by cognitive load theory (CLT), which is an instructional 
theory that uses knowledge about human cognitive architecture to generate instructional 
procedures that facilitate learning (Ayres & Paas, 2012; Paas, Renkl & Sweller, 2003). 
Knowledge about two main components of humans’ cognition are of great importance 
to CLT: working memory (WM), which is very limited in capacity and duration, and 
long-term memory (LTM), which is unlimited in capacity and stores learned 
information as schemas (Sweller, Van Merrienboer & Paas, 1998). The theory has 
generated a number of effects or principles for instructional design that aim to make 
optimal use of WM resources by managing cognitive load. When cognitive load is 
managed, more WM resources can be accessible for learning and support schema 
acquisition (Pollock, Chandler & Sweller, 2002).  
 
 The predominant focus for CLT research has been on how instructors and designers of 
instruction can apply CLT principles for the design of optimal learning materials. 
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Specifically, the focus for CLT research has been on how instructors and instruction 
designers can manage cognitive load to support students’ learning. 
 
Over the last five years a new line of CLT research has started to examine whether 
students themselves can mange their cognitive load by being taught CLT principles. 
This may empower students to apply the principles themselves when faced with non-
CLT compliant instructional materials: self-management of cognitive load (Agostinho, 
Tindall-Ford & Bokosmaty, 2014; Roodenrys, Agostinho, Roodenrys & Chandler, 
2012). This new line of research has provided some evidence towards supporting the 
viability of self-management of cognitive load. However, only a few studies have been 
conducted to date and the focus for these studies has been on one CLT effect; the split-
attention effect (for example, Agostinho, Tindall-Ford & Roodenrys, 2013; Gordon, 
Tindall‐Ford, Agostinho & Paas, 2016; Roodenrys et al., 2012; Sithole, Chandler, 
Abeysekera & Paas, 2017; Tindall-Ford, Agostinho, Bokosmaty, Paas & Chandler, 
2015), with most of the studies being conduced with university students as participants. 
The present research study extends research on self-management of cognitive load by 
exploring another CLT effect: the redundancy effect. The redundancy effect requires 
instructional designers to omit any additional information that is not necessary for 
learning to occur (Chandler & Sweller, 1991; Jamet & Le Bohec, 2007; Moussa, Ayres 






 The concept of self-management of cognitive load involves students applying CLT 
effects by reorganising the materials themselves to make them in line with CLT to 
improve their learning. The type of cognitive load this thesis refers to by ‘self-
management of cognitive load’ is the extraneous cognitive load, which is the result of 
the design of instructional materials. The rationale for investigating how learners could 
apply CLT principles for themselves is that it is unlikely that students always access 
instructional materials designed based on optimal CLT principals. For example, online 
accessible information can overwhelm learners due to cognitive overload and result in 
very little learning (Agostinho et al., 2014). Thus, it is important that learners are taught 
CLT principles so that they can apply them to manage their cognitive load (Agostinho 
et al., 2014; Ayres & Paas, 2012; Roodenrys et al., 2012). These new understandings 
would empower them with the skills necessary to enhance their learning. This is in line 
with the second goal of Melbourne Declaration on Educational Goals for Young 
Australians “All young Australians become successful learners – develop their capacity 
to learn and play an active role in their own learning”. According to Ayres and Paas 
(2012), educationalists and CLT researchers have a great challenge in helping students 
to learn the skills that they need to use when encountering unhelpful learning situations. 
  
1.2	Research	significance	
 As explained earlier, the research on self-management of cognitive load has shown 
some evidence supporting its viability (Agostinho et al., 2013; Gordon et al., 2016; 
Roodenrys et al., 2012; Sithole et al., 2017; Tindall-Ford et al., 2015). However, this 
research is in its early stages, with the focus to date being exclusively on one CLT 
effect, the split-attention effect. In addition, most of the research conducted has focused 
on university students as participants. There has only been one study on self-
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management of cognitive load with primary school students (e.g., Gordon et al., 2016). 
Thus, the significance of the present research study is that it extends the previous work 
conducted on self-management of cognitive load by exploring another CLT principle, 
the redundancy effect, and by recruiting primary school students as participants.  
1.3	Research	questions,	hypotheses	and	exploratory	questions	
There were two overarching research questions that guided this study: 
 
Question 1: Does teaching students how to self-manage the redundancy effect, by 
manipulating paper-based materials, have a positive effect on learning?  
 
Question 2: Do students who are taught how to self-manage the redundancy effect have 
better retention of the information learned than students who are not taught how to self-
manage the redundancy effect?  
 
Research question 1 had four accompanying hypotheses: 
H1: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would outperform participants who study redundancy formatted instructional 
material (Redundancy condition) on performance measures, due to participants studying 
redundancy-free instructional material not having to process redundant information and 
therefore experiencing decreased extraneous cognitive load. 
 
H2: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would report lower mental effort than participants who study redundancy 
formatted instructional material (Redundancy condition), due to decreased extraneous 
cognitive load. 
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H3: The redundancy-free condition (redundancy-free instructional material) would have 
a higher instructional efficiency than the redundancy condition (redundancy formatted 
instructional material), due to higher performance and lower extraneous cognitive load. 
 
H4: Participants who study redundancy with guidance formatted instructional material 
(Redundancy with guidance condition) would outperform participants who study 
redundancy formatted instructional material (Redundancy condition) on performance 
measures, due to the use of the guidance to remove redundant information. 
 
Research question 2 was accompanied with the following hypothesis: 
H5: Participants who study redundancy formatted instructional material with guidance 
(Redundancy with guidance condition) would outperform participants who study 
redundancy instructional material (Redundancy condition) on a delayed task, due to the 
guidance provided decreasing extraneous load and potentially enhancing germane load.  
 
Due to this study being the first of its kind to explore self-management of cognitive load 
based on the redundancy effect five exploratory questions were posed as there was no 
solid theoretical basis to identify hypotheses (see Section 2.6 for details). Two 
exploratory questions were in relation to redundancy with guidance formatted 
instructional material and redundancy instructional material:  
Exploratory question 1. What is the mental effort of participants who study redundancy 
with guidance formatted instructional material (Redundancy with guidance condition) 




Exploratory question 2. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy condition? 
 
Three exploratory questions were in relation to redundancy with guidance formatted 
instructional material and redundancy-free instructional material: 
Exploratory question 3. What is the performance of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 4. What is the mental effort of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 5. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy-free condition? 
 
1.4	Research	methodology		
Three experiments were conducted to assess the effectiveness of teaching students how 
to self-manage extraneous cognitive load by physically removing redundant information 
when presented paper-based materials with obvious redundancy. The three experiments 
in this study employed a randomised controlled between group experimental design. 
Similar to previous self-management of cognitive load research (e.g., Roodenrys, et al., 
2012; Agostinho et al., 2013; Sithole et al., 2017; Tindall-Ford et al., 2015), the 
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effectiveness was assessed by comparing three varying instructional conditions. 
Learning from redundancy formatted instructional material (Redundancy condition) was 
compared to learning from redundancy-free formatted instructional material 
(Redundancy-free condition), and to learning from redundancy formatted instructional 
material as per the redundancy condition, with guidance on how to self-manage 
redundancy (Redundancy with guidance condition). The three experiments were 
conducted with upper primary school students (aged 9-12 years). In each of the three 
experiments, participants were randomly allocated to one of the three varied 
instructional conditions: redundancy condition, redundancy-free and redundancy with 
guidance condition.  
 
The experiments were conducted in four phases: training phase, identifying prior 
knowledge phase, learning phase and test phase. The materials used in the experiments 
were developed by the researcher in consultation with their supervisors, a primary 
science teacher and an international expert in CLT.  In each of the experiments, 
participants were provided training materials whereby some were taught how to self-
mange the redundancy effect. Participants were then presented with instructional 
materials to study and their learning was assessed by answering a set of test questions. 
Participants were also asked to rate their perceived cognitive load. In summary, the 
independent variable was the instructional condition. The dependent variables were: 
performance, mental effort, and instructional efficiency (which provides an indication 
of the efficiency of the instructional conditions used, calculated by combining learner 
performance on test items with their related ratings of mental effort (Paas & Van 




The current thesis has the following limitations. Firstly, dealing with children in an 
authentic environment (i.e., schools) may have limitations in regards to experimental 
control of the learning/ testing environment and also on sample size, as this is 
dependant on parent/caregivers consents. Secondly, the amount of time available for 
data collection may have limitations, as this has to be organised around the school 
schedules and curriculum.  
	
1.6	Definitions	of	terms/	special	names	and	abbreviations	
 ANOVA – Analysis of Variance 
 
BOS NSW – Board of Studies New South Wales  
 
CLT – Cognitive Load Theory 
 
CL – Germane load – refers to the mental resources devoted to acquiring and 
automating schemata in LTM so as to enhance learning.  
 
EL – Extraneous load – refers to the load that is imposed on WM by how information is 
presented to learners or the activities that learners must engage in due to the 
design of the instructions.  
 
IL – Intrinsic load – refers to the load that the to-be-learned information imposes on a 
learner's WM in order for them to achieve learning goals regardless of 
instructional design.  
 
Instructional booklet – refers to the booklet with all the materials required for 
identifying prior knowledge, learning and test phases. 
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Instructional material – refers to the material required for the learning phase (i.e., the 
water cycle diagram).  
 
LTM – Long - term memory 
 
SM – Sensory memory   
 
Training booklet – refers to the booklet with all the materials required for the training 
phase. 
 
Training material – refers to the material required for training on the different 
instructional conditions of the experiments.  
 
WM – Working Memory 
 
1.7	Thesis	structure	
This first chapter of the thesis is an introductory chapter. It presents the context of the 
thesis and explains how it is structured. The background, significance, questions and 
hypotheses, methodology and limitations of the current thesis along with definitions of 
terms/special names and abbreviations used are presented. The following presents a 
brief description of each of the chapters of the thesis.  
 
Chapter Two presents a literature review of research relating to the current study. First, 
the chapter outlines human cognitive architecture, which is the theoretical basis for 
cognitive load theory. A review of two key constituents of this architecture, working 
memory and long-term memory, and a discussion of cognitive processes and memory 
models are provided. Following this, the chapter presents a discussion of cognitive load 
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theory, the instructional principles relevant to the current thesis, and provides rationale 
for the research. 
 
Chapter Three presents an outline of the three experimental studies that were conducted 
to test the hypotheses of the current thesis. The research aim, questions and design are 
presented. The chapter also presents the research hypotheses and provides an 
explanation for their development. 
 
The three experiments conducted in the present thesis are detailed in the three 
consecutive chapters, Chapters Four, Five and Six. These chapters present the reports on 
the experiments by discussing their aims, hypotheses, methods, analyses, and results 
and by providing a discussion of the results.  
 
Chapter Seven provides a summary of the thesis aim, background and significance in 
reference to the three studies. The chapter then, provides an overview of the main 
findings of the three studies. This is followed by a section reporting the results from a 
meta-analysis that was conducted to further investigate the performance results from the 
three experiments. Following the discussion of the meta-analysis, implications for self-
managing redundancy are discussed by drawing upon a further analysis that examined 
redundancy effect research. The chapter then presents the implications for cognitive 






This chapter presents a literature review of research that relates to the current thesis. 
The chapter firstly outlines important aspects of human cognitive architecture with a 
focus on the modal model of memory developed by Atkinson and Shiffrin (1968) and 
working memory models of Baddeley (1986, 2000). This is followed by a discussion of 
more recent literature of human cognitive architecture and its relation to modern theory 
of natural evolution. The two knowledge categories: biologically primary and 
biologically secondary knowledge are explained and principles characterising human 
cognitive architecture when learning biologically secondary information are discussed. 
The chapter presents a review of cognitive load theory and the instructional effects that 
are relevant to the current thesis. Particular emphasis is on the redundancy effect, the 
cognitive load effect examined in the present thesis and a new area of research, self-
management of cognitive load, central to this research project. The chapter concludes 
by presenting rationale as to why self-management of cognitive load is a gap in CLT 
research, particularly self-management of redundancy. 
	
2.2	A	review	of	human	cognitive	architecture	
Cognitive Load Theory (CLT), which is the theoretical framework for the current thesis, 
is underpinned by an understanding of human cognitive architecture (Leahy & Sweller, 
2016; Sweller, Ayres & Kalyuga, 2011). Human cognitive architecture provides an 
understanding of how human memory systems, working memory (WM) and long-term 
memory (LTM) are organized to process and store information (Baddeley, Eysenck & 
Anderson, 2009; Sweller, 2012; Sweller et al., 2011; Cowan, 2014). These memory 
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systems are central with regard to how students think, learn and solve problems (Paas & 
Ayres, 2014; Sweller, 2004). Human cognitive architecture emphasises the vast and 
potentially limitless LTM store of information, facilitated by processes of schema 
construction and automation and the limitation of WM capacity (Paas & Ayres, 2014). 
Schemas are organised patterns of information, which are connected together and stored 
in LTM (Kalyuga, 2006). Schemas are important for learning and problem solving. 
They enable learners to efficiently organise a large amount of information into an 
integrated body of knowledge (Plass, Moreno & Brunken, 2010). With immense 
practice, schemas can be used with less conscious processing and without much effort 
and as a result automation occurs (Sweller et al., 2011). The following sections present 
a detailed discussion of relevant theory and research on human cognitive architecture. 
 
2.2.1	Modal	model	of	memory		
Human cognitive architecture is based on the modal model of memory, developed by 
Atkinson and Shiffrin (1968) and Baddeley (1986, 2000). The model comprises of a 
sensory memory (SM), short-term memory, later termed working memory (WM) and 
long-term memory (LTM). An illustration of the key features of the human cognitive 
architecture, based on the human memory modal model of Atkinson and Shiffrin 











Figure 2.1: The modal model of human memory (Baddeley, 2007, p. 3) 
 
The modal model of human memory developed by Atkinson and Shiffrin (1968) was 
the first memory model that provided an understanding of how information is moved 
between, and processed in, each of the individual memory components.  (Friedenberg & 
Silverman, 2011). Atkinson and Shiffrin’s (1968) model of memory has been analogous 
to a computer, where its three discreet memory systems  represent the essential 
structural components in the memory system, or hardware in a computer. These three 
memory systems are sensory memory (SM), working memory (WM) and long-term 
memory (LTM) (Atkinson & Shiffrin, 1968). Also, varied control processes in the 
human memory system such as rehearsal, are analogous to software in a computer 
(Cowan, 2014; Healy & McNamara, 1996).  
 
The modal model of memory (Figure 2.1) assumes that information enters the memory 
system via SM for initial processing, moves to WM for further processing and it is then 
transferred to LTM to be retrieved at a later time (Moreno, 2010). Information stored in 





























form of schemas (stored in LTM) impacts the processing capacity of WM (Paas & 




The first step in processing information is through sensory memory (SM), a store which 
holds the information (stimuli) humans receive from the environment via the sensory 
registers (e.g., visual, auditory, tactile) through the five senses (e.g., sight, hearing, 
touch) (see Figure 2.1). Sensory memory only has the capacity to process what is paid 
attention to (Weiten, 2013), however, information is temporarily held until it is 
processed further or information is lost (Friedenberg & Silverman, 2011). For example, 
we are faced everyday with a huge number of stimuli but only information that we pay 
attention to, moves to the next component of memory for further processing, that is 
WM. Henson and Eller (1999) investigated learners’ first contact with knowledge and 
information that they are expected to gain through their senses (Henson & Eller, 1999). 
They noted that learners listen to their teachers (ears), read textual information (eyes), 
smell food from the school canteen (nose), taste their snack (tongue), and write or use 
clay to model (hands). Henson and Eller (1999) documented durations ranging from one 
to four seconds for some sensory registers. For example, durations of less than a second 
for visual information, up to four seconds for auditory information and two to three 
seconds for tactile information were documented (Henson & Eller, 1999). Therefore, 
SM is essential for filtering information before it is processed in WM but attention 




An important development in the modal model was the discovery that short-term 
memory was not just a store for information, but it also processes stored information, a 
development that has led to changing the label of short-term memory to ‘working 
memory’ to reflect the working function of this memory (Baddeley & Hitch, 1974). 
Working memory (WM), the second memory store in human cognitive architecture, is 
used to encode information into and retrieve information from LTM. As shown in 
Figure 2.1, information comes to WM from two ways. Firstly, from the SM after it has 
undergone cognitive processes of attention and perception. Secondly, information 
comes to WM from LTM by the process of retrieval (Moreno, 2010). WM has been 
resembled to a workbench. Similar to a workbench, where a product (e.g., a table) can 
be constructed using tools and different parts, WM is where different mental processes 
(tools) operate on the temporarily stored information to process. Hence, “working 
memory is the site where conscious thinking takes place” (Friedenberg & Silverman, 
2011, p. 112). It is in in WM where a person remembers a telephone number, finds out 
how to travel around a city you visit for the first time, or solves a mathematical problem 
(Friedenberg & Silverman, 2011). WM is limited in both capacity and duration when 
dealing with new information, the capacity of WM is limited to four plus or minus one 
chunks or elements of information (Cowan, 2001; Miller, 1956), and duration is limited 
to thirty seconds (Cowan, 1988; Peterson & Peterson, 1959). Through rehearsal and 
elaboration information held in WM is transferred permanently to long-term memory, 




Baddeley (1986) suggested a model of working memory. Baddeley’s model, as 
demonstrated in Figure 2.2, is made of three components: 1) the central executive, 
which is responsible for manipulation of information held by the two slave systems, that 
is, the visuospatial sketchpad and the phonological loop. This system focuses attention, 
organizes new information and integrates it with prior information, controls voluntary 
complex tasks and inhibits thoughts and actions that are inappropriate; 2) the 
visuospatial (or visual-spatial) sketchpad that holds visual and spatial information for 
further processing; and 3) the phonological loop, which holds words and sounds for 
further processing (Baddeley, 2001, 2003, 2012; Carlson & Moses, 2001). 
 
Figure 2.2: The three-component model of working memory suggested in 1986 by 
Baddeley (Baddeley, 2003, p. 830) 
 
The work by Baddeley (2000) on WM model resulted in a revision of his previous 
model of 1986, where a fourth component of WM, known as the episodic buffer, was 
introduced (see Figure 2.3). The episodic buffer is assumed to be a temporary storage 
system with limited capacity, which is controlled by the central executive. It is assumed 
that it holds information in a multi-dimensional code and that it can bind information 
from the two subsidiary systems and LTM to form a unitary episodic representation. 
The buffer is assumed to play an important role in transferring information to and 
retrieving information from episodic long-term memory (Baddeley, 2000, 2012). The 
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revised WM model by Baddeley (2000) is currently widely acceptable in the academic 




Figure 2.3: Baddeley’s revised working memory model 2000 (Baddeley, 2003, p. 835) 
 
2.2.4	Long-term	memory	
The third memory store of the modal model is long-term memory (LTM), an unlimited 
store for knowledge and skills (Kirschner, 2002). The information stored in LTM 
enables humans to perform activities ranging from automatically recognizing the vast 
number of objects to planning our daily routine activities (Sweller et al., 2011). Humans 
are not directly conscious of the content in their LTM until it is brought into WM 
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(Kirschner, 2002). Information stored in LTM is assumed to be highly structured and 
largely permanent (Paas et al., 2003). As mentioned previously, after information is 
received through sensory memory and moved to WM for processing, LTM allows 
information to be organised as schemas or schemata which can be retrieved and utilised 
in WM at a later time (Kalyuga, 2006). 
2.2.5	Schema	construction	and	automation	
Schemas are constructs that categorise elements or chunks of information according to 
the way in which it will be used (Kalyuga, 2006; Leahy & Sweller, 2004). Schemas are 
a stored body of knowledge in our LTM about a topic or a domain. When we are 
learning new material, this material is related to existing schemas and modified 
accordingly (Paas et al., 2003). For example, children learning to read for 
comprehension will build a schema for the alphabets and corresponding phonemes. 
When faced with a new word they can use this schema to decode it. Schemas are central 
to learning and are important for problem solving as relevant information needed to 
solve problems can be accessed in LTM (Plass et al., 2010). According to schema 
theory, skilled performance or expertise develops through the active construction of 
unlimited number of rather complex schemas by subsuming information elements 
consisting of lower-order schemas into higher-order schemas (Sweller et al., 1998). 
Novices and experts vary in terms of schemas held in their LTM, which affects their 
ability to solve problems. While experts have access to higher-level schemas (e.g., 
sentences and phrases) that enable them to solve complex problems, novices have 
access only to lower-order (e.g., alphabets) or middle-order (e.g., words) schemas, and 
therefore need to process and develop information that is suitable to their established 
schemas (Pollock et al., 2002). For example, leaning may be hindered if novice 
language learners are required to read before they have established schemas for the 
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alphabets and their sounds.  
 
The importance of schemas in LTM for learning was established when De Groot (1965) 
studied the factors that distinguish the differing ability of chess masters and less able 
players.  In his study, De Groot presented chess masters and less able players with 
chessboard configurations. The players were shown these board configurations, each for 
five seconds, and then were asked to reproduce them from memory. Chess masters were 
able to correctly place far more pieces than less able players, but only when 
configurations were taken from real chess games. De Groot found that chess masters 
showed superior performance compared to less able players due to drawing on their 
knowledge of thousands of chessboard configurations and their proper moves. This 
knowledge is stored in LTM in the form of schemas. 
 
Similarly, Chase and Simon (1973) replicated De Groot’s study, but also tested 
reproduction of random board configurations, i.e., configurations that were not taken 
form real chess games. However, there were no difference between master and novice 
players when random board configurations were used. Chase and Simon (1973) 
explained that the superior ability of chess masters in reproducing configurations of 
chessboard taken from real games was not the result of differences in working memory 
between novices and masters. Rather it was the masters’ expertise in chess stored in 
LTM that made them recognise appropriate moves. Novice chess players lack this 
expertise, they are required to rely on WM to make proper moves (Sweller et al., 1998). 
That discovery changed how human cognitive architecture was viewed at that time, 
LTM was not just used to remember events that happened in a person’s past, but rather 
is an essential constituent of problem solving and thinking (Plass et al., 2010). Retrieval 
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of information can be used to solve a new problem. As well as being required to recall 
information, learners are also required to use information to solve problems. For 
example, in examinations, learners could be presented with novel information and 
requested to provide interpretations for it using the information they already know 
which is stored in LTM (Kihlstrom, 2011).  
 
Schemas can function consciously or automatically (Kotovsky, Hayes & Simon, 1985). 
Automation allows processing of material unconsciously or without control of working 
memory. For example, unlike novice mathematicians who may need to individually 
process single pro-numerals, experienced mathematicians can automatically process 
equations or even groups of equations (Leahy & Sweller, 2004).  Research has shown 
that schema automation requires a great amount of practice (Sweller et al., 1998). 
Practice enables knowledge to be stored in cognitive schemas. Besides schemas, rule 
automation is also a pertinent element that compliments human problem solving 
expertise. It is through the mindful and conscious construction of more complex 
schemas and through the automation of some of the schemas that expertise develops 
(Van Merriënboer & Ayres, 2005). 
 
Schema construction and automation in long-term memory are vital for learning, as they 
allow learners to utilise prior knowledge to develop new knowledge, which is one of the 
goals of instruction (Sweller et al., 2011). Automated schemas are stored in long-term 
memory and decrease the load on working memory by allowing working memory 
recourses to engage in other more complex tasks. When dealing with automated 
schemas that are stored in long-term memory, the extreme limitations of working 
memory disappear (Paas et al., 2003; Sweller, 2003). 
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2.2.6	Linking	human	cognitive	architecture	with	theory	of	evolution	
Over the last decade, research on human cognition has made a linkage between the 
information-processing model and recent theory of evolution (Sweller, 2010; Sweller & 
Sweller, 2006; Van Merriënboer & Sweller, 2005), a development that, according to 
Sweller and Sweller (2006), has extended understanding of human cognitive 
architecture. The basis for this recent development is that as a result of evolution by 
natural selection, human beings have evolved to perform an array of cognitive activities 
differing in their complexity and have varying levels of cognitive costs, i.e., 
consequences (Sweller et al., 2011; Sweller, 2010; Sweller & Sweller, 2006). This 
evolutionary psychology framework distinguishes between two types of knowledge - 
biologically primary and secondary knowledge (Geary, 2005, 2008). Biologically 
primary knowledge relates to information categories that humans acquire and use 
through evolution. Examples of this kind of knowledge include learning to listen to and 
speak a first language. It is argued that large amounts of biologically primary 
knowledge can be learned automatically with ease, rapidness and unconsciousness 
without the need for educational institutions (Sweller et al., 2011). In contrast, 
biologically secondary knowledge relates to information that is taught in educational 
institutions. An example of this kind of knowledge is virtually all knowledge that we 
seek to learn through schooling such as learning to read and write. Acquisition of 
biologically secondary knowledge is learnt through explicit teaching and learning. This 
thesis examines a strategy that could enhance learning of biologically secondary 
instructional material. When learning biologically secondary knowledge human 
cognitive architecture can be characterised by five principles that describe the functions 
and processes that learners engage in when acquiring this type of knowledge. Hence, 
All the five principles discussed below together specify how biologically secondary 
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information is acquired and used (Sweller & Sweller, 2006):  
 
1. Information store principle 
This principle concerns the requirement for long-term memory to store a huge amount 
of information that governs cognitive activity. What we understand, the way we think 
and solve problems depend heavily on what we have learned and stored in long-term 
memory. 
 
2. Borrowing principle 
The borrowing principle refers to the production of new information by borrowing 
information from other sources. Almost all of the information in LTM is borrowed from 
LTM of other people (through mimicking what they do). It is a constructive process 
where information from someone else’s LTM is combined with information from one’s 
own LTM.  
3. Randomness as genesis principle 
Randomness as genesis principle refers to the notion that new information is produced 
during problem solving via procedure of random generation and testing of effectiveness. 
When humans engage in problem solving, most of the produced moves are likely to be 
generated by using information stored in their long-term memory (in a unique example 
of the borrowing principle). When that information is not available in long-term 
memory, then the only other viable procedure is the random generation and testing of 
moves, with effective moves being kept and subsequently possibly integrated in long-
term memory and ineffective moves being eliminated. 
 
4. Narrow limits of change principle 
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This principle explains that due to the importance of randomness in the production of 
new information (in long-term memory), only limited change must be allowed. In 
human cognition, insuring that only limited changes happen is the function of the 
working memory that is very limited when dealing with novel information, therefore, 
changes to the content of long-term memory are incremental and take place over a long 
span of time.  
 
5. The environment organizing and linking principle  
This last principle concerns the usefulness of organised information stored in long-term 
memory for interaction with the environment. Working memory is very limited in 
capacity and duration when processing novel information brought into it from the 
environment through the senses. However, as information stored in long-term memory 
is well organised in schematic format, processing information that is brought in to 
working memory from long-term memory through the process of retrieval is different to 
processing of novel information that is brought to working memory from the 
environment. There are no known limits to the amount of information brought from 
long-term memory to be dealt with by working memory. Similarly, the duration for 
holding the information brought from long-term memory in working memory has no 
known limits (Sweller et al., 2011).  
 
The research work of Sweller and Sweller (2006) and Sweller (2010) highlighted that 
the effectiveness of instructional material designs is dependent on the understanding of 
human cognitive architecture. As most of the information we learn at educational 
institutes is biologically secondary knowledge, it is subject to the boundaries and 
restrictions that characterise human memory systems and processes. The present thesis 
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is concerned with biologically secondary information, in which human cognitive 
architecture plays a crucial role in learning, by investigating how upper primary school 
students can self-manage the redundancy effect while learning science material. 
 
2.3	A	review	of	cognitive	load	theory		
CLT is an instructional theory that has identified various instructional designs and 
procedures to facilitate learning (Ayres & Paas, 2012; Paas et al., 2003). CLT is based 
on a human cognitive architecture (see Chapter 1) where working memory has both 
very limited capacity and duration and long-term memory has unlimited capacity which 
stores information as schemas (Sweller et al., 1998). Central to the theory is the load 
placed on a learner’s working memory when processing instructional information or 
solving problems, i.e., cognitive load. Cognitive load refers to the demands on working 
memory when learners try to achieve specific learning gaols. If cognitive load is high as 
a result of poorly designed or complex instructional materials, then learning may be 
inhibited as the available working memory resources needed to be devoted to learning 
are insufficient (Ayres and Paas, 2012; Clark, Nguyen & Sweller, 2006; Kalyuga, 2010; 
Plass et al., 2010; Sweller et al., 2011). According to CLT, the load that instructional 
information imposes on WM can be classified into three categories: intrinsic, 
extraneous and germane load (Pass et al., 2003, 2004; Sweller et al., 1998; Van 





Intrinsic cognitive load is the load that the to-be-learned information imposes on a 
learner's working memory in order for them to achieve learning goals regardless of 
instructional procedures adopted (Sweller et al., 2011). It is assumed that the degree of 
intrinsic cognitive load for a given task and knowledge level is determined by the 
degree of element interactivity and a learners’ expertise. An element is defined as 
anything that a learner has learned or needs to learn (e.g., a concept). Element 
interactivity refers to the process of coordinating knowledge elements that must take 
place in WM to accomplish the task (Clark et al., 2006). Material that has low element 
interactivity allows each element to be learned separately without or with only limited 
reference to other elements, thus imposing a low cognitive load on working memory. 
For example, a task requiring learners to learn the symbols for the chemical elements is 
low in element interactively. Each of the elements of this task can be learned without 
associating it to other elements. For example, a learner can learn the symbols for copper 
and iron independently without needing to make any association between their cognitive 
elements in working memory. On the other hand, material that has high element 
interactivity is characterised by high levels of interaction between its elements making 
the elements unable to be learned independently from each other. The more interacting 
elements material has, the heavier the load on working memory. An example of high 
element interactivity material can be dealing with algebra equation. As all the elements 
of an equation interact, all of these elements need to be simultaneously considered. 
When a novice learner is faced with an equation, for example, (a + b) / c = d, each 
component of the equation can be an element. For the learner to understand the 
equation, all its constituent elements have to be simultaneously processed in working 
memory (Sweller, 2010). 
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Intrinsic cognitive load for a specific learner knowledge level and a given task is fixed 
and cannot be changed except by either temporarily adjusting the main task (e.g., 
having students learn one element at a time without relating elements to each other) or 
learner's knowledge levels (e.g., having students develop the needed schemas before 
learning the task) (Moreno & Park, 2010; Sweller et al., 2011). The levels of cognitive 
load and element interactivity are influenced by learners’ expertise (Chen, Kalyuga & 
Sweller, 2016). For example, because of the knowledge held in LTM of an expert, the 
expert may be faced with a single element rather than 10 or more interacting elements. 
Unlike a novice, an expert may quickly know the solution by recognizing the category 
to which the problem belongs. Therefore, the expertise of the learner can have a 
considerable effect on element interactivity and cognitive load. 
 
2.3.2	Extraneous	cognitive	load		
The cognitive load imposed on working memory is not only due to the basic structure of 
the to-be-learned information, i.e., intrinsic cognitive load. Another form of cognitive 
load that is imposed on working memory is extraneous cognitive load. This load is 
imposed by how information is presented to learners or the activities that learners must 
engage in due to instructional design (Sweller et al., 2011). Unlike intrinsic load that 
cannot be altered by the design of instruction, extraneous load is entirely controlled by 
the way instruction is designed. For example, varying the way information is presented 
to learners and the activities required of them can vary the degree of extraneous 
cognitive load (Sweller, 1994). CLT has been primarily concerned with techniques that 
are designed to reduce extraneous cognitive load (Sweller, 2003, 2004). The 
redundancy effect, which is a focus for the current research, is an example. Consider, 
for example, the line graph about temperature changes shown in Figure 2.4. The graph 
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by itself with only the embedded text is self-explanatory, that is it is comprehendible by 
itself. Adding concurrent audio explanations to it, for example, makes the learner 
confused, as they are redundant and may not aid learning.  
 
 
Figure 2.4: Self-explanatory graph of temperature changes over two days (Leahy, 
Chandler & Sweller, 2003, cited in Clark & Mayer, 2011, p. 237) 
 
As explained below in the section on the redundancy effect, processing redundant 
information and mentally combining it with vital information imposes extraneous load. 
This load is solely the result of instructional design and is not related to learning: 
schema construction and automation (Clark et al., 2006). Some instructional techniques 
that reduce extraneous cognitive load are discussed in Section 2.5.  
 
2.3.3	Germane	cognitive	load	
Germane cognitive load was conceptualized by Sweller et al. (1998) when they realised 
that some instructional formats could not only increase cognitive load, but also learning. 
For example, asking students to study diverse examples imposes more mental load on 
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students than that imposed by studying homogenous examples, however, this extra load 
is a relevant load imposed by instruction and yields better learning outcomes (Clark et 
al., 2006). However, excessive germane load requiring cognitive resources that exceed 
available WM limits can disrupt learning and become a source of extraneous load 
(Kalyuga, 2010). When specific instructional techniques, designed to involve learners in 
further activities that enhance germane cognitive load (e.g., explicit imagination of 
worked examples content), lead to a total amount of cognitive load that exceeds the 
limitations of WM, this could actually result in the germane load becoming a type of 
extraneous cognitive load and thus hinder learning (Kalyuga, 2007). Overall, germane 
load (GL) refers to the mental resources devoted to schema acquisition and automation 
in long-term memory and must be promoted to improve learning (Ayres, 2006).  
 
The first stage of CLT focused on the relationship between the different cognitive 
processes required by different problem solving methods and schema acquisition. The 
cognitive load construct during the first stage was mainly concerned with the 
unnecessary cognitive demands imposed on the learner by instructional design referred 
to as extraneous cognitive load (Plass et al., 2010). The second stage introduced another 
source of cognitive load called intrinsic cognitive load. This type of load is imposed by 
the basic characteristics of information such as numerous elements that simultaneously 
interact with each other. The second stage of CLT development led to the first additivity 
concept that cognitive load imposed by the instructional material consist of extraneous 
cognitive load and intrinsic cognitive load. Figure 2.5 illustrates the second stage of 
cognitive load theory development. As shown in Figure 2.5, extraneous and intrinsic 
cognitive loads are additive in that, together, the total load cannot exceed the working 
memory resources available if learning is to occur (Paas et al., 2003). Figure 2.6 shows 
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the most recent development on cognitive load theory development. Figure 2.6 shows 
that the optimal use of working memory capacity depends on the three sources of 
cognitive load: intrinsic cognitive load, extraneous cognitive load and germane 
cognitive load.          
 
  
Figure 2.5: A visual representation of the assumptions underlying the second stage of 




Figure 2.6: A visual representation of the assumptions underlying the most recent 
cognitive load theory development (Plass et al., 2010, p. 18) 
 
For learning to occur, the three types of cognitive load together cannot exceed WM 
capacity. Intrinsic cognitive load is considered a base load that cannot be changed 
except by either temporarily adjusting the main task by breaking it down into 
manageable parts or elements (Pollock et al., 2002) or by changing learner's knowledge 
levels. Any remainder of available resources in WM capacity after allocation of WM 
resources to attend to intrinsic load can be allocated to deal with extraneous and 
germane load (Paas et al., 2003).  
 
Other CLT researchers have suggested that germane cognitive load can be best thought 
of as a part of intrinsic cognitive load instead of being considered a distinct cognitive 
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load type. According to this view, two types of cognitive load (intrinsic load and 
extraneous load) can be imposed on WM as a result of processing instructional 
information. Intrinsic and extraneous cognitive load have to be dealt with by WM, 
where each of them is assigned different resources of WM. Resources of WM allocated 
to deal with the intrinsic cognitive load are germane resources. Accordingly, germane 
load might best be perceived as WM resources allocated to information related or 
germane to learning. This information places an intrinsic load on WM. Similarly 
resources of WM that are assigned to deal with information extraneous to learning can 
be described as extraneous resources (Chen, Kalyuga & Sweller, 2015; Sweller, 2010). 
 
The last decade has seen an increasing debate among the CLT theorists about the three 
types of cognitive load (De Jong, 2010; Schnotz & Kürschner, 2007). There are 
different conceptualizations of the cognitive loads and the nature of the relationships 
between them. Schnotz and Kürschner (2007) consider that intrinsic load refers to the 
performance on the task, whereas germane load refers to the cognitive processes that 
may improve learning, for example, deliberate application of learning technique, but not 
associated with schema acquisition. Therefore, learning may take place without the 
involvement of germane load but with germane load, learning can be enhanced (Schnotz 
& Kürschner, 2007). This conceptualisation of germane load was empirically supported 
by Galy, Cariou and Mélan (2012). However Kalyuga (2011) argues that intrinsic and 
germane loads cannot be distinguished, thus they are redundant concepts. Kalyuga 
(2011) argues that intrinsic and extraneous loads are sufficient for CLT, a concept 
which he described as a two-factor intrinsic/extraneous framework, and germane load 
might be redefined as working memory resources allocated to deal with intrinsic load, 
as suggested by Sweller (2010). However, other cognitive load researchers support the 
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concept of three distinct types of cognitive loads: intrinsic load, extraneous load and 
germane load and refer to this concept as the three-factor framework (e.g., Leppink, 
Paas, Van der Vleuten, Van Gog & Van Merriënboer, 2013;.Leppink & van den Heuve, 
2015).  
 
The conceptual and methodological issues related to the former principles of a two-
factor intrinsic/extraneous cognitive load framework have largely been proposed 
(Kalyuga, 2011; Sweller et al., 2011). The two-factor cognitive load framework 
suggests a minimum level of extraneous cognitive load should be maintained and 
germane cognitive load could occur if a specific level of intrinsic cognitive load is 
reached (Sweller et al., 1998). To prevent any return to the two-factor 
intrinsic/extraneous cognitive load framework (e.g., Kalyuga, 2011) attempts were 
made to create a psychometric instrument that distinguishes between the three types of 
cognitive load (Leppink et al., 2013; Leppink, Paas, Van Gog, Van der Vleuten & Van 
Merriënboer, 2014). However, as these attempts failed to consistently provide support 
for the germane load, the three factors in the instrument were interpreted to represent 
intrinsic cognitive load, extraneous cognitive load, and a subjective judgment of 
learning (Leppink	&	van	den	Heuve, 2015). 
 
Regardless of the re-conceptualisation of germane load, the additive effect of these 
different cognitive load types still applies. If learning is to take place, these different 
types of cognitive load together must not surpass the capacity of WM. Thus, three 
strategies are used in CLT to improve learning: management of intrinsic load, 
minimisation of extraneous load sources and maximisation of germane load sources 
(Young, Irby, Barilla-Labarca, Cate & O'sullivan, 2016).  
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2.4	Measuring	cognitive	load	
Because of the centrality of working memory load to CLT, measuring cognitive load 
has been an important consideration in CLT research (Sweller et al., 2011). Cognitive 
load has been measured by a number of methods, including error rates, time on task, 
computational models (e.g., Sweller, 1988) and dual-task methods, the traditional 
measure of cognitive load (e.g., Chandler & Sweller, 1996; Marcus, Cooper & Sweller, 
1996). However, dual-task indices have been argued to be potentially interfering with 
learning and not easy to use (Paas, 1992). Other techniques such as eye tracking and 
physiological methods have begun to be researched as potential measures of cognitive 
load, but these have not yet proven to be effective (Schmeck, Opfermann, Van Gog, 
Paas & Leutner, 2015; Sweller et al., 2011). 
 
A subjective, self-reported measure developed by Paas (1992) has been the most 
frequently and successfully employed measure in CLT research over the last two 
decades (Sweller et al., 2011). In this measure, learners are asked to give a rate of their 
perceived amount of mental effort invested in a task on a unidimensional Likert-scale 
measure at various points during the learning and testing phase (Ayres & Paas, 2012). 
This self-reported scale has been shown to be the most convenient, reliable and 
applicable measure of cognitive load (Paas, 1992). 
 
Later after its success, the subjective measures of cognitive load have been widely 
adopted by cognitive load theory research. However, many researchers asked learners to 
rate the perceived difficulty of the task instead of using the term mental effort. 
Nonetheless, regardless of which of the two terms used (mental effort or task difficulty), 
the subjective rating scale has been shown to be the most sensitive measure of cognitive 
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load (Sweller et al., 2011) and seems to be the favored measure in much of current 
cognitive load theory research (Schmeck et al., 2015). It has been widely used to 
measure cognitive load that various instructional designs impose, including the 
cognitive load theory effects discussed below in the next section. For example, a study 
by Van Merriënboer, Schuurman, De Croock and Paas (2002) on completion problems 
utilized a subjective measure of mental effort where cognitive load matched the 
hypothesized superiority of completion problems over conventional problems. In 
another study, Pociask and Morrison (2008) used a subjective measure of task difficulty 
to test the redundancy effect using physiotherapy instructional materials. The study 
demonstrated the effectiveness of removing redundant information from the 
instructional material. This was evident in the significantly high performance and low 
cognitive load for the group that received the instructional material with the redundancy 
being removed. 
   
As CLT is fundamentally concerned with efficiency (Clark et al., 2006; Sweller et al., 
2011), instructional efficiency (Paas & Van Merriënboer, 1993) is used in the present 
research to provide an indication of the efficiency of the instructional conditions used. 
Instructional efficiency is calculated by combining learner performance on test items 
with their related ratings of mental effort, the more/ less efficient-learning achieved is 
shown by combinations of high/ low performance and low/ high mental effort. Hence, 
more efficient learning would be demonstrated by high performance and low mental 
effort, while less efficient learning would be shown by low performance and high 
mental effort. This study uses Paas and Van Merriënboer’s (1993) model to measure 
instructional design efficiency. This subjective measure has been used extensively in 
cognitive load studies. Tuovinen and Sweller (1999) compared the learning efficiency 
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of the exploration and worked examples groups in learning about databases. The study 
found that when participants had no prior knowledge of databases the worked examples 
group was significantly more efficient than the exploration group. However, the two 
groups did not significantly differ when students with more experience in databases 
were used.   
 
In a recent study, Sithole et al. (2017) used Paas and Van Merriënboer’s (1993) model 
with university students. There were three groups: split-attention which was given 
spatially separated text and diagrams; integrated group that was given the instructional 
material with text and diagrams placed as close as possible to each other; and self-
management group that was provided the split-attention material and a guidance on how 
to self-manage the split-attention. The study found that the mean recall instructional 
efficiency ratings of the self-managed group had higher instructional efficiency than the 
integrated group. The integrated group in turn had a higher instructional efficiency than 
the split-attention group. The findings led the researcher to conclude that since the self-
managed group had a positive mean efficiency value, it meant the self-managed group 
had higher instructional efficiency than the split-attention and integrated groups on the 
recall and transfer tasks. 
 
It should be noted that Paas’s (1992) subjective measure of cognitive load was 
developed for adult learners and, since then, has been mostly tested with this age group. 
As the present research uses this subjective measure of cognitive load, where the 
participants involved are children, a consideration relating to the current research is the 
validity of this measure of cognitive load for children. Considering the likely difficulty 
for children to understand the notion of “mental effort“ used commonly in cognitive 
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load subjective rating scales (Hu, Ginns & Bobis, 2015), various designs of the 
subjective rating scales (including use of other notions, e.g., task “heaviness” and 
“difficulty”, fewer options and emotion icons) have been used when the participating 
students have been children. For example, the study by Gordon et al. (2016) used a 9-
point mental effort rating scale, which the current study adopted in Experiment 1, with 
Years 5 and 6 primary students. The options on the scale ranged from 1 (Very, very low 
mental effort) to 9 (Very, very high mental effort). Two emotion icons were added, 
representing the highest (a very angry face with a frown, a pencil in the mouth and a 
hand on a cheek) and lowest points of the scale (a very happy face and a thumb pointing 
up) (see Appendix D). However, Gordon et al. (2016) did not find any significant 
results in cognitive load for both the learning and test phases. 
 
In another study conducted by van Loon-Hillen, Van Gog and Brand-Gruwel (2012), a 
4-point rating scale incorporating illustrations was developed to measure cognitive load 
for Year 4 primary students. The scale used the notion of “heaviness” of tasks, where 
immediately after completing the tasks the students were asked to rate how “heavy” the 
tasks were. The four points on the scale ranged from 1 (not at all, and illustrated by a 
picture of a smiling child carrying one block on their head) to 4 (very heavy, and 
illustrated by a picture of an unhappy child carrying 4 blocks on their head). Again, van 
Loon-Hillen et al. (2012) did not show any significant differences in cognitive load and 
thus did not support the hypothesized effects.  
 
In a more recent study, Hu et al. (2015) developed a 5-point subjective rating scale 
illustrated with two faces to measure cognitive load for Year 5 participants. However, 
instead of using the concept of the mental effort, as used in Gordon el al.’s (2016) 
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study, or “heaviness” of the tasks, as used in van Loon-Hillen et al.’s (2012) study, the 
concept of task difficulty was used. The 5 possible responses ranged from 1 to 5. Point 
1 of the scale incorporated the expression “very easy” and was illustrated with a picture 
of a smiling face positioned above the number 1. In contrast, Point 5 incorporated the 
expression “very difficult” and a picture of a frowning face positioned above the 
number 5. Hu et al.s’ (2015) study showed significant results in cognitive load in 
Experiment 1, however it did not show any significant results in Experiment 2. Paas’s 
single item scale for measuring cognitive load has been extensively used in CLT 
research, including the recent research studies discussed above (e.g., Haji, Rojas, 
Childs, Ribaupierre & Dubrowski, 2015). Based on the above literature on measuring 
cognitive load, there has been some success with the 5-point scale with children 
participants. Thus the current study trialled both the 9-point and 5-point scales to 
measure cognitive load. 
 
Instead of measuring the total cognitive load, as commonly practiced in CLT research, 
some research has attempted to provide separate measures for each of the three types of 
cognitive load: intrinsic, extraneous and germane. For instance, Cierniak, Scheiter and 
Gerjets’s (2009) study provided university students with three questions that 
individually measured each category of cognitive load on three 6-point subjective 
scales. The study found that the scales used were quite successful in measuring both 
extraneous and germane load, but less successful in measuring intrinsic load. Recently, 
Leppink et al. (2013) tested a 10-item subjective rating scale with PhD students and 
undergraduate university students. In this 10-item scale, different groups of items 
measured different types of cognitive load. The developed 10-item instrument was 
found to be promising in measuring separate types of cognitive load. Notwithstanding 
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the promising results, given the young age of the participants of the current research, 
using the Leppink instrument was deemed inappropriate because of the complex text for 
school children to understand. For example, words such as “complex”, “concepts” and 
“perceived” used in the questions may be not familiar and thus not clear for children. 
Also, the questions ask about very specific aspects of instruction, e.g., “activity”, 
“topic”, “concepts” and “instruction” that children may be unable to differentiate 
between them.  
 
2.5	Cognitive	load	theory	instructional	effects		
Over the last thirty years, cognitive load theory (CLT) has generated a variety of design 
techniques to develop instructional materials that reduce the load placed on a learner’s 
WM to increase learning performance (Sweller et al., 2011; Sweller et al., 1998). 
Among the several design techniques that CLT has generated, three major design 
techniques relevant to the current thesis are: split-attention effect, redundancy effect and 
expertise reversal effect. These three CLT effects are included in this review for their 
reliance on each other for the careful construction of instructional materials that avoids 
any redundant cognitive load (i.e., redundancy and split-attention) and that avoids a 
possible adverse effect on the results caused by learner’s possession of a level of 
expertise that makes the instructional materials not suitable for them (i.e., expertise 
reversal effect). These effects are discussed in the following sections, with a focus 




Split-attention occurs when mutually related sources of information (e.g., diagram and 
text), are physically separated, requiring mental integration by the learner. When related 
sources of information are displayed apart from each other, additional mental load in 
working memory is required to mentally integrate the separate sources of information 
by use of search and match process. This additional mental load, which is purely caused 
by the instructional format, places demands on working memory and raises extraneous 
cognitive load of the materials, but does not support learning (Clark et al., 2006; 
Sweller et al., 1998) For example, Figure 2.8 shows split-attention instructional format, 
where related sources of information (i.e., diagram and text) are separated. 
 
Figure 2.8: Split-attention instructional format (Tindall-Ford et al., 2015, p. 92) 
Task 1: Find angle a 
Read the text and look at the diagram to see how the text helps you understand 




1) x = 130° 
 
2) b is corresponding to x 
     (notice how they form the letter “F” 
 
3) b = 130° 
     (corresponding angles are equal) 
 
4) a = 180° - 130° = 50° 
     (angles on straight lines add up to 180°) 
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The solution to split-attention is through physical integration of related sources of 
information, as shown in Figure 2.9. By integrating the related sources of information, 
extraneous cognitive load of the materials is reduced, as mental integration of the 
separate sources of information is no longer needed (Chandler & Sweller, 1991). 
According to CLT, when extraneous cognitive load is reduced, this frees more resources 
of working memory and makes them available for learning (Mousavi, Low & Sweller, 
1995; Tindall-Ford et al., 2015).  
 
 
Figure 2.9: Integrated instructional format (Tindall-Ford et al., 2015, p.92) 
 
Initial research on the split-attention effect by Tarmizi and Sweller (1988) tested the 
effectiveness of the use of worked examples. They found that presenting geometry 
worked examples in a conventional split-attention format (steps for solution written 
under the diagram) resulted in no better performance than conventional problem 
solving. Tarmizi and Sweller (1988) found that worked examples did not enhance 
Task 1: Find angle a 
Read the text to see how it relates to that part of the diagram so you understand 
how to find angle a. 
	
4) a = 180° - 130° = 50° 
     (angles on straight lines add up to 180°)	
3) b = 130° 
     (corresponding angles are equal)	
1) x = 130° 
	
2) b is corresponding to x 
     (notice how they form the letter “F”	
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performance compared to conventional problem solving. Tarmizi and Sweller (1988) 
suggested that the traditional geometry format of worked examples consisting of a 
diagram followed by solution steps increases cognitive load due to split-attention. 
Following the work of Tarmizi and Sweller (1988), the split-attention effect was 
demonstrated in a number of studies in various domains. Examples of key studies in the 
split-attention effect include: Sweller, Chandler, Tierney and Cooper (1990); Ward and 
Sweller (1990); Chandler and Sweller (1991; 1992; 1996); Sweller and Chandler 
(1994); Moreno and Mayer (1999) and Ayres and Sweller (2005). 
 
Research on the split-attention effect was examined in a meta-analysis completed by 
Ginns (2006). Fifty experimental studies of the split-attention effect were included. The 
results of the meta-analysis demonstrated the robustness of the split-attention effect 
across divers learning areas and instructional formats.     
 
2.5.2	Redundancy	effect	
The redundancy effect occurs when learners are presented with content that is repeated 
or provides additional information that is not required for understanding (Clark et al., 
2006; Sweller et al., 2011). Written text that simply restates the same information 
provided visually by a self-explanatory diagram or elaborates on it provides an example 
of redundancy. Research on redundancy has shown that redundant information places 
unnecessary burden on WM and as a result can interfere with learning (e.g., Chandler & 
Sweller, 1991, 1996). When redundant information is presented, WM resources may be 
utilised unnecessarily. Presenting redundant information and mentally integrating it 
with vital information generates extraneous cognitive load that is detrimental to learning 
(Sweller et al., 2011). For example, a redundant science instructional material for 
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primary students was utilised in the current thesis. The material presented was a 
diagram on the water cycle that had seven pairs of text boxes. The diagram with only 
the top text boxes of the seven pairs of text boxes, is intelligible by itself as it provides 
all the necessary information. The bottom text boxes simply stated what the diagram 
presents visually, such as direction of arrows and step number and thus, they were 
redundant and thus would be expected to interfere with learning the instructional 
material (see Appendix E for the instructional material of the redundancy condition as 
incorporated in the instructional booklet).  
 
The following sections reviews research on the redundancy effect that has been 
conducted on various learning domains and instructional formats. Learner’s level of 
expertise in relation to the redundancy effect is discussed and the focus of redundancy 
effect research is presented.  
 
Chandler and Sweller (1991) and Kalyuga, Chandler and Sweller (1999) indicated that 
redundancy can be eliminated by removing from the instructional material any 
information that is repeated or additional to that needed for learning. Elimination of 
redundant information enhances learning, as extraneous cognitive load can be reduced 
and the freed up WM resources previously used for processing redundant instructional 
materials can be directed to activities germane to learning. The redundancy effect 
occurs when students presented with non-redundant instructional materials outperform 
students presented with redundant instructional materials on performance tests (Sweller 
et al., 1998).   
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The first study demonstrating the redundancy effect was conducted by Chandler and 
Sweller (1991) using electrical engineering and biology materials including textual and 
diagrammatic information that did not need mental integration in order to be understood 
as the textual information merely repeated what the diagram presented. In several 
experiments, participants who were not instructed to integrate the text and diagrams 
(implicit instruction group), required less study time and outperformed participants who 
were directly instructed to integrate the textual and diagrammatic information (explicit 
instruction group). For example, Figure 2.10 shows the diagram and textual information 
that was presented to the participants who were novice to the instructional material. As 
stated above, the textual information merely repeated what the diagram presented 
visually. Therefore, as hypothesised, the participants who were in the implicit group 
outperformed those who were in the explicit group. It was assumed that the implicit 
group quickly realised that the text was redundant and thus only attended to the 
diagram, as it was self-explanatory. Moreover, in other experiments, the study found 
that learning from a self-explanatory diagram that only contained labels and arrows was 
be better than learning from a diagram accompanied by textual information that 
repeated what the self-explanatory diagram presented either in an integrated or a 
conventional format (Chandler & Sweller, 1991, Experiments 4 and 5).  
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Figure 2.10: Self-explanatory diagram and redundant textual information on starter 
control circuit presented to both implicit and explicit groups (Chandler & Sweller, 1991, 
Experiment 3, p. 311) 
 
A major finding in the research on redundancy is that redundant information sources 
should be removed (or at least isolated) from instructional materials before learning is 
attempted. Chandler and Sweller (1991) pointed out that this is considered a preliminary 
to learning, as the learner needs to unnecessarily assign mental resources to assimilating 
vital information with unnecessary information, especially if the sources of information 
are presented in integrated format. When redundant information is physically integrated 
with necessary information the learner is unnecessarily forced to attend to the redundant 
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information and its relations with the necessary information, which increases element 
interactivity of the material (Sweller & Chandler, 1994). 
 
Following the work of Chandler and Sweller (1991), the redundancy effect has been 
explored in a number of studies using various learning domains and instructional 
formats, including mathematics using text and diagrams (e.g., Bobis, Sweller, & 
Cooper, 1993); science using an animation and narration (e.g., Mayer, Heiser & Lonn, 
2001); psychology using text and diagrams (e.g., Jamet & Le Bohec, 2007); computer 
applications using manuals and equipment (e.g., Chandler & Sweller, 1996; Sweller & 
Chandler, 1994; Cerpa, Chandler & Sweller, 1996); and technical engineering using text 
and diagrams (e.g., Kalyuga et al., 1999, 2004). Some of these key studies in addition to 
other key studies are discussed below.  
 
Using a geometry task of paper folding, Bobis et al. (1993) replicated the redundancy 
effect. In four experiments, participants were presented with multiple diagrams that 
were self-explanatory and textual information that either elaborated on the diagrams or 
simply restated the diagrammatically presented information. The study found that the 
text was redundant and learning from self-explanatory diagrams yielded the best 
learning outcomes. Also, the study found that the redundancy effect could also be 
generated when redundant information is presented in the same modality, for example, 
diagrams and other extra diagrams. The results showed that the redundancy effect was 
also generated when students were presented with diagrams elaborating on information 
already provided by other self-explanatory diagrams.  
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Using manuals and equipment, in two studies conducted by Sweller and Chandler 
(1994) and Chandler and Sweller (1996), learners’ learning to use computer software 
was compared. Participants were either provided a paper-based modified manual, which 
was self-contained with integrated textual instructions and diagrams, or the same 
modified manual plus a computer. The computer was initially redundant as it repeated 
the information that was already in the self-contained paper-based manual. In both test 
phase components, written and practical, learning from the modified manual 
instructional format was better than learning from the modified manual with access to a 
computer instructional format. Cerpa et al. (1996) found that learning from computer-
based, self-contained material presented on a computer screen in an integrated format 
was superior to learning from the same computer-based material plus a paper-based 
manual containing the same material. The study found that the hard copy manual was 
redundant as it repeated the same information presented by the self-contained material 
on the computer screen. The results from these studies showed that when one source of 
information is self-explanatory (manual or computer), presenting students with the self-
explanatory source of information alone (not both of them) enhances learning. If 
students have to process similar information presented in both a manual and a screen, 
this will impose an extraneous cognitive load due to learner processing redundant 
information, impeding leaning.  
 
Research on the redundancy effect has also been conducted within multimedia 
instruction. Kalyuga et al. (1999) compared learning mechanical engineering theory 
from three different formats of a multimedia lesson. The lesson was presented on a 
computer using concurrent animations and explanatory text. The text was presented to 
each of the three groups of the experiment either in auditory format, concurrent auditory 
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plus the same written text format or written text format. The results showed a 
multimedia redundancy effect where the auditory mode of presentation demonstrated 
superiority over the concurrent auditory plus the same written text mode. The written 
text concurrently repeated the same audio text and thus it was redundant. Presentation 
of duplicated visual text of the auditory text significantly interfered with learning due to 
an increasing amount of cognitive load. Sweller et al. (2011) explained that concurrent 
presentation of auditory textual information and the same visual text may also require 
learners to coordinate and relate corresponding elements of the two sources. In an 
example of redundancy, Mayer et al. (2001) obtained similar results using animated 
diagrams and illustrative instructions (audio narration and redundant on-screen text) 
depicting how lightning forms. In two experiments, the researchers demonstrated that 
learners presented with animations accompanied by simultaneous narration 
outperformed learners presented with animations with simultaneous narration and text 
presented on screen that was either a summary or duplication of the narration. Similar 
results have also been demonstrated in a number of other research studies on 
multimedia instructional design (see, for example, Kalyuga, Chandler and Sweller 
(2000, 2004); Moreno and Mayer (2002); Leahy et al. (2003) Jamet and Le Bohec 
(2007)). These studies showed that learning is better when students are presented 
multimedia lessons consisting of pictures and either narration or visual text than when 
presented pictures, narration and visual text.  
 
While most of the research investigating the redundancy effect has focused on technical 
domains, within the last decade, there has been research that has investigated the 
redundancy effect in the social sciences domain, e.g., learning of foreign languages. 
This type of research has provided evidence that using one source of information, 
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written or spoken text, is better for learning English as a foreign language than using 
both sources of information (Diao, Chandler & Sweller, 2007; Diao and Sweller, 2007; 
Moussa et al., 2012). Diao et al. (2007) compared learners’ understanding of spoken 
English as a foreign language using three different instructional formats: 1) listening 
with audio materials only (2) accompanied by full script or (3) subtitles. The listening-
only group only listened to a passage without the passage being presented on the 
computer screen. The listening plus full script group listened to the same passage while 
the full script presented on the screen. The listening plus simultaneous subtitles group 
listened to the same passage while subtitles were presented on screen at the same time. 
The study found that students who listened with only auditory materials performed 
better on a following audio passage than the other two groups (listening to audio 
materials accompanied by either full script or concurrent subtitles), who understood 
better the passage’s script and subtitles. These results indicated that when the objective 
was learning to listen, inclusion of the full text or subtitles had negative effects on the 
construction and automation of listening comprehension schemas. More recently, 
Moussa et al. (2012) tested the effect of learning English as a foreign language when 
students either read or simultaneously read and listened to the same materials. Students 
completed reading, writing and listening tests. The findings indicated that students who 
only read the materials outperformed students how simultaneously read and listened to 
the materials on listening tests, demonstrating a redundancy effect. There were no 
differences between the two groups in the reading tests and writing tests.  
 
Overall, the studies discussed above show that presenting information that repeats or 
adds more than that needed for understanding in different modalities (e.g., self-
explanatory diagram and explanatory text) or the same modality (e.g., multiple self-
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explanatory diagrams and additional diagrams) is redundant and interferes with 
learning. Thus, redundant information should be removed from the instructional 
materials.   
 
2.5.2.1	‘Redundancy’	is	dependent	on	the	learner’s	expertise	
Redundancy depends on the expertise of the learner, as it is a critical factor in 
determining what information is relevant for the learner and what information is 
attended to (Sweller, Ayres, Kalyuga & Chandler, 2003). While more information that 
is originally essential for learning (e.g., a diagram and essential explanatory text) may 
be required for novice learners to enhance their leaning, (Sweller, 2003), learners with 
more experience my find this same information redundant (Kalyuga, 2007). Therefore, 
instructional designs that are considered effective for beginning learners may be 
considered ineffective for more advanced learners who have organized schemas in a 
given domain. Kalyuga, Chandler and Sweller (1998) showed that as learners gained 
more expertise, the relationship between the split-attention and redundancy reversed. 
The split-attention effect was obtained with novice learners, as trainees learned best 
from visual explanatory text that was embedded into a diagram explaining electrical 
wiring. As the trainees gained more experience through extensive and additional 
intensive training, the effectiveness of the integrated condition (diagram with embedded 
text) decreased while the effectiveness of the diagram-only condition increased. The 
diagram-only version was rated easier to process by the trainees and produced a higher 
performance level on the following tests. Explanatory text that was essential for trainees 
when they were novices became redundant for them when they became experts 
(Kalyuga et al., 1998). Thus, it is important that information presented to learners is 
aligned to their level of expertise. In order to not confound the results of the current 
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thesis by the expertise reversal effect, only participants who were novices to the 
instructional materials presented were used.    
 
2.5.2.2	Gap	in	research	about	how	learners	can	manage	‘redundancy’	for	themselves		
The review of the redundancy effect research shows across a range of learning domains 
and instructional formats that redundant information hinders learning and thus should 
be removed from the instructional materials. However, the assumption for all this 
research has been that instructors and instruction designers should present learners with 
optimally designed, redundancy free materials. However, to date, only little or none of 
the research conducted on the redundancy effect focused on how learners themselves 
can self-manage redundancy. The present research explored whether instructing 
students to manage redundant information, self-management of cognitive load, 
supported their learning of new information. The results of this thesis may assist 
primary school teachers who want to eliminate redundancy and apply self-management 
skills when creating or selecting instructional materials in an attempt to improve 
learning in their classrooms. 
 
2.5.2.3	Summary		
The Redundancy effect occurs when learners are presented with content that is repeated 
or provides additional information that is not required for understanding, e.g., written 
text restating information that is presented in a self-exploratory diagram or elaborating 
on it. For example, the redundant format of the water cycle diagram used in the current 
thesis uses pairs of text boxes overlayed on the diagram. While the top text box of each 
pair provides the necessary information for understanding the material, the bottom text 
box merely states/ elaborates on information that the diagram presents visually, such as 
	 51	
direction of arrows, thus it is redundant. Processing of redundant information places 
unnecessary strain on WM and as a result can interfere with learning. Therefore, 
redundant information should be removed from the instructional materials. By 
removing redundant information learning is enhanced as the extraneous cognitive load 
associated with processing redundancy can be reduced. This frees up WM resources that 
can be directed to activities germane to learning. A critical factor for redundancy is 
learner’s expertise as information that is essential for novices and enhances their 
learning may be found to be redundant for learners with more expertise in the domain. 
Thus instructional materials should be aligned to the level of expertise of the learner. 
Whilst the redundancy effect has been examined in an array of domains and 
instructional formats, all this research has been assuming that instructors and instruction 
designers should present learners with redundancy free materials. Only little or none of 
the research conducted on the redundancy effect, to date, focused on how learners 
themselves can self-manage redundancy, which is the focus for the present thesis.  
 
2.5.3	Expertise	reversal	effect	
Expertise reversal effect relies on a relationship between redundancy effect and 
learner’s expertise level. When learners become experts, they have already developed 
the schemas required for learning. Instructional designs that serve as schema substitutes 
for novice learners become redundant and not needed for learners with expertise (Clark 
et al., 2006). In other words, instructional methods that are effective for the novice can 
be ineffective and may even negatively effect learning of learners who have developed 
some form of expertise in a domain. This reversal in instructional design effectiveness 
as a result of changes in the expertise level of learners has been termed the expertise 
reversal effect. Therefore, as learners gain more prior knowledge in a domain, 
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instructional methods need to be adjusted to suit their level of expertise (Kalyuga, 
2007). The expertise reversal effect was initially anticipated as a type of the redundancy 
effect that may be demonstrated when information presented to learners was essential 
and benefited them when they were novices, but became redundant when they attained 
more knowledge in a domain (Kalyuga et al., 1998). After this discovery, the effect has 
been extended to include different instructional methods as explained below. 
As explained above, the study by Kalyuga et al. (1998), obtained the split-attention 
effect with novice trainees as they learned best from the integrated material (diagram 
with embedded visual text). When the trainees gained more experience in the domain, 
the effectiveness of the integrated condition decreased while the effectiveness of the 
diagram-only condition increased. Explanatory text that was essential for novice 
trainees became redundant when they gained more expertise (Kalyuga et al., 1998). 
More evidence for an interaction between different designs of instruction and learner’s 
level of expertise was demonstrated in following studies undertaken by Kalyuga et al. 
(2000); Kalyuga, Chandler and Sweller (2001) and Kalyuga, Chandler, Tuovinen and 
Sweller (2001). These studies produced results resembling those of Kalyuga et al. 
(1998). For example, over two experiments, Kalyuga et al. (2000) provided participants 
with three domain-specific training sessions. In experiment 1, inexperienced trade 
apprentices studied one of four versions of a diagram with visual text, with auditory 
text, with both visual and auditory text, or the diagram alone. Results showed that the 
best instructional format was the diagram with the audio narration of the text, but not 
when the text was both narrated and visualized. The diagram only version was the least 
to be understood by inexperienced learners. When participants gained experience in the 
domain after the second session of training, the superiority of the diagram with audio 
text format disappeared. Experiment 2 compared learning from the audio-text diagram 
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with the diagram only format after a third training session. The results reversed those of 
experiment 1. The diagram-only group was better than the audio-text group, thus the 
expertise reversal effect was replicated (Kalyuga et al., 2000).    
 
Empirical evidence concerning the development of the expertise reversal effect is 
presented in Kalyuga, Ayres, Chandler and Sweller (2003) and Kalyuga (2007). More 
recently, Kyun, Kalyuga and Sweller (2013) demonstrated support for the expertise 
reversal effect in the domain of learning English literature using the common design of 
worked example experiments. Over three experiments, students from a Korean 
university who were none-native speakers of English were given essay questions to 
answer. During the acquisition phase, two groups of students either answered 
conventional essay questions or studied model answers of the same questions then were 
given similar questions to answer. In the post-test phase, all the participants received 
tests measuring retention, near- and far-transfer. Students with more prior knowledge on 
the subject were allocated to Experiment 1 while students with lesser prior knowledge 
were allocated to Experiment 2. Students with the least prior knowledge were allocated 
to Experiment 3. The study found that while Experiment 1 did not show any significant 
differences between the two groups in any of the post-test components, Experiment 2 
showed significantly better results on the retention test in favour of the worked example 
group.  Furthermore, in Experiment 3, the worked example group demonstrated 
significantly better results on the test of retention and slightly significantly better results 
on near-transfer tests. These results showed that as prior knowledge levels decreased, 
benefits of worked example instruction increased and vice versa. As previously stated, 
the studies reported in the present thesis took care that the expertise reversal effect did 
not confound the redundancy effect by only using participants who were novices to the 
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instructional material presented. This was ensured by conducting a prior knowledge 
identification phase in a form of one open ended question on the topic of the 
instructional material. The open ended question aimed at identifying participants 
showing significant prior knowledge, scoring 50 % or higher based on a marking 
criterion, and excluding their data. This ensured that possible research findings were not 
confounded by the expertise reversal effect. 
 
2.6	An	emerging	new	effect	-	Self-management	of	cognitive	load		
As mentioned earlier, CLT research has primarily focussed on how CLT principles can 
be used to design optimal instructional materials to support student learning. In 
particular, research on CLT has focussed on instructors managing cognitive load to 
improve student learning, instructor managed cognitive load. However, learners will not 
always access materials that are designed according to CLT principles as the materials 
found in textbooks, lectures and the myriad sources offered by the internet are often 
poorly designed (Ayres & Paas, 2012). Learners can access online instructional 
materials, as well as create and upload materials and share them online (Agostinho et 
al., 2013). Therefore, there is an increasing importance for students to understand CLT 
design principles and be able to apply these principles when exposed to instructional 
materials that are non-CLT compliant so they maybe able to manage their own 
cognitive load (Agostinho et al., 2014; Agostinho et al., 2013; Roodenrys et al., 2012). 
Ayres and Paas (2012) assert, “A great challenge for all educationalists, as well as 
cognitive load theorists, is to help equip students with the skills to deal with unhelpful 
learning environments themselves” (p. 830).  
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Thus, a new line of CLT research has recently evolved to explore the benefits of 
instructing learners to implement CLT design principles when exposed to instructional 
materials that are non-CLT compliant to manage their own cognitive load, self-
management of cognitive load (e.g., Agostinho et al., 2013; Gordon et al., 2016; 
Roodenrys et al., 2012; Sithole et al., 2017; Tindall-Ford et al., 2015). This new line of 
research has so far focused exclusively on one CLT principle, the split-attention effect. 
The first research study on self-management of cognitive load was conducted 
by Roodenrys et al. (2012). In this study, using paper-based materials, the researchers 
tested postgraduate university students’ ability to integrate text with diagrams with 
evident split-attention as an alternative to instructor designed instructions. The 
instructional material in an Educational Psychology subject was formatted into three 
different conditions: split-attention material, integrated material and split-attention 
material with guidance explaining how split-attention can be self-managed. In 
Experiment 1, the self-management group did not utilise the guidance provided thus 
there was no evidence for self-management. In Experiments 2 and 3 the self-
management group significantly outperformed the split-attention group on both near 
and far transfer items. The guidance provided appeared to have improved the learning 
efforts of the self-management group. However, in all three experiments there was no 
significant difference in mental effort across the three groups. The study showed 
evidence that it is possible to teach students how to manage split attention themselves. 
Of particular interest, the study found that students who learnt how to self-manage split-
attention materials by integrating related information were able to transfer their split-
attention management techniques to new materials in a different domain. Overall results 
showed evidence about the potential of learners self-managing split-attention, but there 
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was no evidence about self-management of cognitive load as the study did not show any 
significant results for cognitive load measures.   
 
Following Roodenrys et al.’s (2012) study, in two experiments Agostinho et al. (2013) 
used educational technology materials presented online to test undergraduate university 
students’ ability to move textual information to relevant parts of the diagram. In 
Experiment 1, although the self-management group showed better performance on all 
posttest items than did the split-attention group, statistically significant difference 
favoring self-management of split attention was not attained. Importantly, in 
Experiment 2, the study found that the additional task of moving text to reduce split-
attention did not have an adverse effect on student learning as the self-management 
group performed similar to the split-attention group. Mental effort measures did not 
show any significant results between the three groups. While the results showed 
potential for self-management of split-attention, evidence for self-management of 
cognitive load was not obtained.  
 
Recently, Tindall-Ford et al. (2015) examined the feasibility of self-managing the split-
attention presented in worked examples as a substitute for learning from integrated 
worked examples designed by the instructor. Year 7 students learning about features of 
angles placed on parallel lines were instructed on how to integrate text that was spatially 
separated form its diagram by physically moving text to its related parts on the diagram 
using online tools. The study’s main hypotheses were that learners in the self-
management condition would perform better than learners in the split-attention 
condition and equal to the integrated condition. The findings of the study confirmed the 
hypotheses by the split attention group significantly performing poorer than the self-
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management group, which did not significantly differ from the integrated group. 
However, mental effort results did not show significant differences between the 
conditions. Hence, whilst the self-management of split-attention was confirmed, self-
management of cognitive load was not confirmed.  
 
Gordon et al. (2016) investigated self-management of split-attention in Stage 3 primary 
students. Participants studied paper-based instructional material containing a diagram 
and text explaining the different processes involved in the water cycle. The instructional 
material was presented as either split-attention format, integrated format or self-
managed format. The main hypothesis of the study was that participants in the self-
managed format would outperform participants in the split-attention format. The 
performance results showed that the self-managed format performed better than the 
split-attention format in total test scores and transfer test items, however not at 
statistically significant levels. The cognitive load results showed no significant 
difference between the three conditions. Thus, the study showed some evidence for the 
feasibility for primary-school students to self-manage split-attention. However, again, 
the study did not show evidence for self-management of cognitive load.  
 
A more recent study on self-management of cognitive load conducted by Sithole et al. 
(2017) was the first study that showed results both for performance and cognitive load 
measures. The study explored self-management of split-attention using accounting 
material on basic accounting equation and ratio formulae with undergraduate students. 
The instructional materials were paper-based and were presented to participants in three 
formats: split-attention format, integrated format and self-management format, which 
are shown in Figures 2.11, 2.12 and 2.13 respectively. The split-attention format 
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presented in Figure 2.11 was similar to the materials found in most accounting 
textbooks where the essential text explaining the diagram was spatially separated from 
the diagram. The integrated format presented in Figure 2.12 integrated the text with the 
diagram. The self-managed format presented in Figure 2.13 was the same as the split-
attention format but also included a guidance explicitly explaining how to integrate the 
text with the diagram.  
 
Figure 2.11: Example of split-attention format (Sithole et al., 2017, p.225) 
 
 




Figure 2.13: Example of self-management format using arrows (Sithole et al., 2017, 
p.225) 
 
In Experiment 1, the self-management format attained significantly better performance 
scores and lower mental effort than the split-attention format. Additionally, Experiment 
2 tested the transferability of the self-management technique taught in Experiment 1. 
The results of Experiment 2 showed that when provided with new learning material, the 
self-management format obtained significantly higher test scores in all performance 
measure; recall, near and far transfer and reported significantly lower levels of cognitive 
load than the split-attention format. Thus, the study showed transferability of self-
management of split-attention more so than that was shown in Roodenrys et al. (2012). 
The self-management format significantly outperformed the split-attention format 
across all performance scores whereas in Roodenrys et al. (2012) significant results 
were only found for transfer scores. This provided support for learners to apply self-
management skills when exposed to novel instructional material.   
 
Thus, whilst the other studies discussed above (i.e., Roodenrys et al., 2012; Agostinho 
et al., 2013; Tindall-Ford et al., 2015; Gordon et al., 2016) showed some evidence of 
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the self-management of the split-attention effect, the study of Sithole et al. (2017) 
showed evidence of self-management of cognitive load. However, as noted previously, 
research on self-management of cognitive load has focused exclusively on one CLT 
principle, the split-attention effect. Yet, CLT has generated numerous principles that 
facilitate learning (Merriënboer & Ayres, 2005), the current thesis examines how the 
self-management of cognitive load could be applied to another CLT principle: the 
redundancy effect. 
 
The premise underlining the construct of self-management is to allow the learner to take 
more control over their learning. Enabling and empowering learners to be more active 
in their learning is a consideration evident in other theories such as metacognition and 
self-regulatory learning. Metacognition encourages learners to reflect and teachers to 
create a metacognition-facilitating learning environment (Larkin, 2009). It refers to 
learners’ reflection on their own thinking and keeping track of how far or close their 
thinking is getting them from their own goal (Larkin, 2009). Metacognition has been 
considered an important component of self-regulatory learning (SRL, Efklides, 2008). 
Self-regulatory learning (SRL) refers to learners’ self-produced ability to control, 
manage and plan their actions of learning (Zimmerman, 2008). SRL is not a uniform 
theory, but consists of several theories that considerably overlap and in all of them 
monitoring and control (regulation) of learning have a central role (De Bruin & Van 
Merriënboer, 2017). Both metacognition and SRL theories have overall been linked to 
better academic achievement (Broadbent & Poon, 2015).  
 
A major difference between CLT and SRL theories and research is that whilst 
consideration of cognitive load is the underlying key principle for CLT, it is not a key 
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consideration in SRL theory and research. However, a recent line of research is 
attempting to combine CLT research and SRL theory research (for example, 
Raaijmakers, Baars, Schaap, Paas, and Van Gog (2017) and Van Loon, Destan, Spiess, 
De Bruin and Roebers (2017). The argument for this line of research has been presented 
in a special issue of Learning and Instruction edited by De Bruin and Van Merriënboer 
(2017) titled: “Bridging cognitive load and self-regulated learning research”. This 
special issue critiques the plausibility of combining CLT and SRL theories into one 
theory.  
 
One paper in this special issue by Sweller and Paas (2017) presents an analysis of the 
main characteristics of both theories that either facilitate or hinder the possibility of this 
combination. The authors concluded that while possible links exist between CLT and 
SRL theory, considerable barriers between the two theories are present. One key barrier 
is that the main goal of CLT is the generation of novel instructional effects, whilst for 
SRL the authors state “but the goals of the theory seem to lie elsewhere than the 
generation of instructional effects” (p. 86). Another key barrier is that Sweller and Paas 
(2017) argue that SRL can be considered a ‘biologically primary knowledge’, that is, “a 
generic-cognitive, biologically primary information that we have evolved to acquire“ (p. 
86) whilst CLT assumes that instruction should only be for biologically secondary 
knowledge, that is, “domain-specific, biologically secondary information that we have 
not specifically evolved to acquire” (Sweller & Paas, 2017, p. 86). In the present thesis, 
self-management of cognitive load is being examined as a potential new instructional 
effect that can be applied on biologically secondary knowledge.  
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Thus, in light of the above discussion, as the present thesis is underpinned by CLT, only 
CLT-related hypotheses were utilised. Additionally, in terms of self-management of 
cognitive load, there has been very limited research conducted, with the present thesis 
being the first of its kind to investigate self-management of redundancy, thus there has 
not been solid evidence based theory to suggest hypotheses. Therefore, exploratory 
questions were deemed appropriate in the current thesis in relation to self-management 




This chapter explained human cognitive architecture, the theoretical framework 
underpinning CLT, which is the focus of the present thesis. The main components of 
this structure, i.e., SM WM and LTM, were discussed. The vast and potentially limitless 
LTM store of information, facilitated by processes of schema construction and 
automation and the limitation of WM capacity were emphasised. A discussion of the 
recent understanding of human cognitive architecture and its relation to modern theory 
of natural evolution was presented. The two knowledge categories: biologically primary 
and biologically secondary knowledge were explained and principles characterising 
human cognitive architecture when learning biologically secondary information, which 
is the concern of the current thesis, were discussed. The chapter then presented a review 
of CLT and the instructional effects that are relevant to the present thesis: split-attention 
effect, redundancy effect, expertise reversal effect and the new emerging self-
management of cognitive load effect. Particular emphasis was given to the redundancy 
effect, the cognitive load effect examined in the present thesis and self-management of 
cognitive load effect, which is the main focus of the present thesis. Whilst the 
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redundancy effect has been examined in an array of domains and instructional formats, 
the assumption from all the research has been that learners should be presented with 
redundancy free materials. Only little or none of the research conducted on the 
redundancy effect, to date, focused on how learners themselves can self-manage 
redundancy, which is the focus for the present thesis.  
 
The research conducted to date on self-management of cognitive load has shown some 
evidence for the feasibility of self-management. However, as noted previously, this 
research has focused exclusively on self-management of the split-attention effect. Yet, 
CLT has generated numerous principles that facilitate learning. The current thesis 






This chapter provides an overview of the three experiments conducted in this research 
study. The next three chapters, i.e., Chapters 4, 5 and 6, present the details for each of 
the three experiments.  
 
3.2	Research	aim	and	questions		
The overall goal of the research was to investigate how students can self-manage their 
cognitive load when they are presented with instructional materials with obvious 
redundancy. 
 
The research was guided by two overarching research questions. Question 1 was 
examined in Experiments 1, 2 and 3 (Part 1) and was as follows: 
Question 1:  Does teaching students how to self-manage the redundancy effect, by 
manipulating paper-based materials, have a positive effect on learning? 
 
Question 2 was examined in Experiment 3 (Part 2) and was as follows: 
Question 2: Do students who are taught how to self-manage the redundancy effect have 
better retention of the information learned than students who are not taught how to self-
manage the redundancy effect? 
 
3.3	Research	hypotheses	
The literature review, presented in the previous chapter, indicates that research on 
redundancy within the framework of cognitive load theory (CLT- e.g., Chandler & 
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Sweller, 1991, 1996; Jamet & Le Bohec, 2007; Mayer et al., 2001; Moussa et al., 2012) 
has shown that presenting redundant instructional material may cause working memory 
(WM) resources to be unnecessarily overloaded. This generates an extraneous cognitive 
load that can impede learning by directing WM resources away from schema 
construction. However, learning is enhanced when redundant information is removed 
from instructional material, as this can reduce extraneous cognitive load, freeing WM 
resources that can be directed to activities germane to learning (Sweller et al., 2011). 
Furthermore, recent research on CLT has examined self-management of cognitive load, 
providing evidence that it is possible for students to be taught how to self-manage split-
attention (Agostinho et al., 2013; Gordon et al., 2016; Roodenrys et al., 2012; Sithole et 
al., 2017; Tindall-Ford et al., 2015). However, this recent CLT research has only 
focused on self-management of split-attention. Based on the literature review discussed 
above in Chapter 2, five hypotheses and five exploratory questions were investigated in 
this research. As mentioned earlier in Section 2.6, exploratory questions were used as 
there was no previous research conducted on self-management of redundancy effect and 
as there was no solid theoretical basis to identify hypotheses.  
 
The following four hypotheses and five exploratory questions were investigated in 
Experiments 1, 2 and Part 1 of Experiment 3:  
  
H1: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would outperform participants who study redundancy formatted instructional 
material (Redundancy condition) on performance measures, due to participants studying 
redundancy-free instructional material not having to process redundant information and 
therefore experiencing decreased extraneous cognitive load. 
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H2: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would report lower mental effort than participants who study redundancy 
formatted instructional material (Redundancy condition), due to decreased extraneous 
cognitive load. 
 
H3: The redundancy-free condition (redundancy-free instructional material) would have 
a higher instructional efficiency than the redundancy condition (redundancy formatted 
instructional material), due to higher performance and lower extraneous cognitive load. 
 
H4: Participants who study redundancy with guidance formatted instructional material 
(Redundancy with guidance condition) would outperform participants who study 
redundancy formatted instructional material (Redundancy condition) on performance 
measures, due to the use of the guidance to remove redundant information. 
 
Two exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy instructional material:  
Exploratory question 1. What is the mental effort of participants who study redundancy 
with guidance formatted instructional material (Redundancy with guidance condition) 
compared to participants who study redundancy formatted instructional material 
(Redundancy condition)? 
 
Exploratory question 2. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy condition? 
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Three exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy-free instructional material: 
Exploratory question 3. What is the performance of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 4. What is the mental effort of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 5. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy-free condition? 
 
 Part 2 of Experiment 3 tested an additional hypothesis:  
 
H5: Participants who study redundancy formatted instructional material with guidance 
(Redundancy with guidance condition) would outperform participants who study 
redundancy instructional material (Redundancy condition) on a delayed task, due to the 
guidance provided decreasing extraneous load and potentially enhancing germane load.  
 
In order to carry out this investigation, a randomised controlled experimental study 
design was utilised. This research methodology has been traditionally employed by 
CLT research due to its robustness (Sweller et al., 2011). Specifically, the present thesis 
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adopted a similar research design to previous self-management of cognitive load 
research studies (e.g., Agostinho et al., 2013; Gordon et al., 2016; Roodenrys et al., 
2012; Sithole et al., 2017; Tindall-Ford et al., 2015). The thesis employed three 
experiments to investigate how primary school students can self-manage the 
redundancy effect when presented with materials with evident redundancy. Participants 
in each of the experiments were randomly allocated to three instructional conditions: 
redundancy condition; redundancy-free condition; and redundancy with guidance 
condition. Participants’ learning from the three instructional formats was tested. Prior to 
Experiment 2 a pilot study using think-aloud protocols was conducted to collect 
qualitative data to obtain insight into the ways in which participants implemented their 
specific instructional techniques required in each condition. Also, the pilot was 
conducted to obtain insights into the procedures of the experiments and to find out if 
any of the test questions were not clear. Below is a brief description of the specific 
research design employed in each of the three experiments incorporated in this thesis. 
 
3.4	Description	of	the	experiments		
This thesis incorporated three experiments that examined how learners can manage 
extraneous cognitive load when presented with instructional materials with obvious 
redundancy. In each of the three experiments, participants were randomly allocated to 
three conditions:  
 
1. Redundancy formatted instructional material, with both relevant and non-relevant 
sources of information presented (Redundancy condition); 
 
2. Redundancy-free formatted instructional material, with only relevant sources of 
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information presented (Redundancy-free condition); 
 
3. Redundancy formatted instructional material as per the Redundancy condition, with 
guidance on how to self-manage redundancy (Redundancy with guidance 
condition). 
 
The independent variable was the instructional condition. The dependent variables 
were: performance, mental effort and instructional efficiency. Performance referred to 
students’ performance scores of understanding the instructional material. Mental effort 
was defined as working memory resources allocated to accommodate the demands of 
learning the materials and answering the test questions. Instructional efficiency referred 
to the efficiency of the instructional conditions which is calculated by combining 
performance and mental effort results (Paas & Van Merriënboer, 1993). 
 
Experiment 1 aimed firstly to investigate whether the redundancy effect was evident in 
the instructional material specifically developed for this study. The instructional 
material focused on the water cycle. A second aim for Experiment 1 was to investigate 
whether the guidance provided to learners presented with redundancy evident 
instructional materials would assist them in self-managing the redundancy effect and 
thus support their learning. The training material used to teach learners how to self 




Experiment 2 utilised revised materials based on a pilot that preceded Experiment 2 
followed by a review of the materials by a CLT expert. Revisions to the materials 
included: 
 i. Utilisation of a simpler training material, which was on identifying the main parts of 
an iPad,  
ii. Utilisation of a 5-point task difficulty rating scale, 
iii. Asking students allocated to the redundancy with guidance condition to manage 
redundancy before studying the instructional material.  
  
Hence, Experiment 2 was conducted for two purposes, firstly, to test the redundancy 
effect using the same instructional content used in Experiment 1, but with a larger 
cohort of Stage 3 students. Additionally, a simplified training phase was implemented 
for Experiment 2, with the aim that the training materials would be more motivating, 
with less element interactivity training content to support engagement and learning in 
the learning phase. A second purpose for Experiment 2 was to investigate whether the 
simplified training material along with the revised guidance for the redundancy with 
guidance condition would enhance learning.  
 
Using the same materials and procedures of Experiment 2, the aim of Experiment 3 was 
to replicate Experiment 2 with a different cohort of Stage 3 students and increase 
participant numbers by recruiting participants from two schools. Part 2 of Experiment 3 
aimed to extend the research by including a delayed task to ascertain if there is any 






The overall purpose of Experiment 1 was to investigate the effectiveness of teaching 
students how to self-manage extraneous cognitive load when presented with 
instructional materials with evident redundancy. Participants were provided 
instructional material on the water cycle. The focus of the instructional material was to 
provide an understanding of the different processes involved in the water cycle. The aim 
of Experiment 1 was twofold. Firstly, the experiment sought to confirm the redundancy 
effect, that is, redundancy was evident in the instructional materials specifically 
developed for this study. Secondly, the experiment aimed to investigate whether the 
guidance provided to learners in order to assist them in self-managing the redundancy 
effect would support learning in comparison to learners who were not provided 
guidance to self-manage the redundancy effect when they were presented with 
redundancy evident instructional material. 
 
Approval to conduct Experiment 1 was received from the Human Research Ethics 
Committee at the University of Wollongong (see Appendix A). A letter of information 
(see Appendix B) was developed to provide participants' parents/caregivers with 
information concerning the confidentiality conditions of the study, purpose, description 
and procedures. The contact information for any questions or concerns was also 
provided. Every participant’s parents/caregivers signed a consent form (see Appendix 
C). 
 
There were three instructional conditions:  
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1. Redundancy formatted instructional material, with both relevant and non-relevant 
sources of information presented (Redundancy condition)  
 
2. Redundancy-free formatted instructional material, with only relevant sources of 
information presented (Redundancy-free condition) 
 
3. Redundancy formatted instructional material as per the Redundancy condition, with 
guidance on how to self-manage redundancy (Redundancy with guidance condition).   
 
The following research question guided this study: 
 
Does teaching students how to self-manage the redundancy effect, by manipulating 
paper-based materials, have a positive effect on learning?  
 
Four hypotheses were tested in the experiment. In addition, as explained in Chapter 3, 
five exploratory questions were also investigated, as there was no previous research 
conducted on self-management of redundancy effect and as there was no solid 
theoretical basis to identify hypotheses.   
 
H1: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would outperform participants who study redundancy formatted instructional 
material (Redundancy condition) on performance measures, due to participants studying 
redundancy-free instructional material not having to process redundant information and 
therefore experiencing decreased extraneous cognitive load. 
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H2: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would report lower mental effort than participants who study redundancy 
formatted instructional material (Redundancy condition), due to decreased extraneous 
cognitive load. 
 
H3: The redundancy-free condition (redundancy-free instructional material) would have 
a higher instructional efficiency than the redundancy condition (redundancy formatted 
instructional material), due to higher performance and lower extraneous cognitive load. 
 
H4: Participants who study redundancy with guidance formatted instructional material 
(Redundancy with guidance condition) would outperform participants who study 
redundancy formatted instructional material (Redundancy condition) on performance 
measures, due to the use of the guidance to remove redundant information. 
 
Two exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy instructional material:  
 
Exploratory question 1. What is the mental effort of participants who study redundancy 
with guidance formatted instructional material (Redundancy with guidance condition) 
compared to participants who study redundancy formatted instructional material 
(Redundancy condition)? 
 
Exploratory question 2. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy condition? 
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Three exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy-free instructional material: 
 
Exploratory question 3. What is the performance of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 4. What is the mental effort of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 5. What is the instructional efficiency of the redundancy with 




 Participants were Stage 3 primary school students from one Year 5 class and one Year 
6 class at an Illawarra independent school in New South Wales, Australia. There were a 
total of 31 students (19 boys and 12 girls). Seventeen students aged 10 years to 12 years 
in Year 5 and 14 students aged 10 years to 13 years in Year 6. The experiment took 45 
minutes and was conducted in small groups (two students per a session with the 
researcher) thus there were fifteen sessions of data collection, which were conducted 
	 75	
over a five week period during Term 3 (July – September) of the four-term school year 
in 2014. The experiment utilised small group testing to ensure control of experimental 
condition (Aidman, 1999). That is, ensuring that participants are closely monitored 
while undertaking the tasks/ activities required based on their experimental conditions. 
The experiment was conducted either in the school hall or the computer lab, dependent 
on their availability on the days of data collection. Both locations provided a quiet place 
to conduct the experiment. The students within each class were assigned a participant 
number according to the order of the returned consent forms. Online randomisation 
software, Research Randomizer (Urbaniak & Plous, 2014), was used to generate 
random numbers to assign participants to one of three experimental conditions. An 





Figure 4.1: An illustration of the design of Experiment 1 
	
4.2.2	Materials	
Experiment 1 materials were developed by the researcher in consultation with his 
supervisors. A primary science teacher reviewed the content and an international expert 
in CLT reviewed the design of the materials. The materials comprised of 2 single-sided 
A4-sized booklets, a 3-page training booklet and an 8-page instructional booklet. The 
training booklet included the materials used to train participants on different activities 
of the experiment (see Appendix D). The instructional booklet included the materials 
used to identify prior knowledge, learning and test phases (Phases 2-4) of the 
experiment (see Appendix E). The instructional and training booklets were coded with 
ID numbers that were placed on the cover pages to match each participant to their 
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specific materials. The ID number corresponded to each participant number and 
experimental condition that had been assigned previously through random allocation. 
Details of the two booklets are discussed in the following sections. 
  
4.2.2.1	Training	booklet		
The training booklet was utilised to train participants on activities they were to complete 
in the learning and test phases (Phases 3 and 4) of the experiment (see Appendix D). 
The training booklet comprised of a cover page titled “3-Page Training booklet – 
(Experiment 1)” and had a rectangular box that contained participant number; a mental 
effort rating scale to train participants on how to use the 9-point mental effort scale 
(Paas, 1992; Paas, Tuovinen, Tabbers & Van Gerven, 2003), which was used in the 
learning and test phases of the experiment. Training on different conditions of the 
experiment utilised a diagram on blood flow through the heart, lungs and body, which 
was a different topic to that of the instructional material. This diagram is referred to as 
the ‘training material’ throughout this experiment.  
 
The training material was designed and formatted in the same way as the instructional 
material. The diagram about blood flow through the heart, lungs and body, used in 
Chandler and Sweller’s (1991, Experiment 5, Condition 3) study was adapted for 
training participants on different conditions of the current experiment. The blood flow 
materials were selected as they depicted a sequence of steps similar to the experimental 
materials. The diagram had eight explanatory text boxes (numbered from one to eight), 
which were integrated in the diagram to compare Year 9 students’ learning from this 
format (i.e., integrated) to learning from a split-attention format and a diagram-only 
format. Thus, for the purpose of this study, the same diagram with the accompanying 
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textual information about the flow of blood through the heart, lungs and body were 
included in the content of the training material. However, as the purpose of using this 
material was to train on the conditions of the experiment, only the first four text boxes 
(numbered one to four) were included.  
 
The training material was presented in colour on one single-sided portrait A3 sheet of 
paper so that all the information could be viewed from one sheet of paper, which was 
folded in half and included in the training booklet, (see Appendix D for training 
material as included in the training booklet). The diagram on the heart, lungs and body 
that was presented to participants in each of the experimental conditions was positioned 
on the centre of the A3 sheet of paper and had identical font and font size, but was 
formatted to suit each of the three experimental conditions as follows: 
 
Redundancy condition - Redundancy formatted training material 
The content was formatted to include both relevant and non-relevant information (see 
Figure 4.2). There were four pairs of text boxes that were overlayed on the diagram, 
with each of the two text boxes in each of the four pairs placed on top of each other. 
The top text boxes were the same first four text boxes presented in the material of 
Chandler and Sweller’s (1991, Experiment 5, Condition 3) study. These text boxes 
presented necessary information. The text boxes underneath stated what the diagram 
provided visually. For example, the first top text box stated that “Blood from the upper 
and lower parts of the body flows into the right atrium”, which was necessary for 
understanding. The text box underneath stated; “This is the first step of the flow of 
blood. It is shown by the two arrows coming from the upper and lower parts of the body 
into the right atrium.” This information was not required for understanding as it only 
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stated what the diagram showed visually, such as the arrows and step number; hence the 
information was deemed redundant. Instructions regarding what students were required 
to do were given in a blue text box on the top of the page (see Figure 4.2). These 
instructions necessitated participants to process all the information including the non-
relevant, redundant information.  
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Figure 4.2: Training material - Redundancy format  
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Redundancy-free condition - Redundancy-free training material 
The content was formatted to reduce extraneous cognitive load by removing any 
redundant information and only presenting relevant information required for learning 
(see Figure 4.3). That is, only the top text boxes of the four pairs of the text boxes that 
were presented to participants in the redundancy condition were presented to 
participants in the redundancy-free condition; the four redundant text boxes that were 
presented underneath were removed for the redundancy-free condition. The design of 
this format was conducted based on CLT design principals with non-relevant 
information being omitted. The instructions given in a blue text box on the top of the 




Figure 4.3: Training material – redundancy-free format  
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Redundancy with guidance condition – Redundancy formatted training material with 
guidance  
The training material was identical to that of the redundancy condition, with the same 
four pairs of text boxes overlayed on the diagram. However, each of the text boxes was 
removable as they were provided in paper cut out pieces and stuck to the page with blue 
tack. The instructions, which were provided in a blue text box on the top of the page, 
presented written guidance on how to self-manage redundancy (see Figure 4.4). 
Moreover, the bottom margin of the page was labelled “PLEASE PUT THE TEXT 
BOXES THAT YOU REMOVE IN THIS AREA”, so participants could place the 















Figure 4.4: Training material - redundancy format with guidance	
 
Participants received training on how to use the 9-point mental effort scale adopted in 
this experiment (see Figure 4.5). The experiment utilized Paas’ (1992) 9-point scale, the 
scale ranged from 1 (Very, very low mental effort) to 9 (Very, very high mental effort). 
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However, a revised 9-point scale reported in Gordon et al.’s (2016) study (explained 
below) was adopted for Experiment 1. Gordon et al. (2016) used Paas’s scale, however 
the scale was modified to make it more understandable and easy to use by children, 
participants in this study, by adding two design features delineating the two extreme 
points of the scale. First, two emotion icons were added that represented the highest (a 
very angry face with a frown, a pencil in the mouth and a hand on a cheek) and lowest 
(a very happy face and a thumb pointing up) points of the scale. Second, the numbers on 
the scale were shaded, with the highest point shaded black color and the lowest point 
shaded white, with gradation of gray color shading for the points in between. 
Instructions given above the scale asked participants to circle one of the numbers on the 
scale that represented their perceived mental effort, for example, “How much mental 
effort did you use to study the picture? Please circle one of the numbers below” (see 





Figure 4.5: Mental effort rating scale 
	
4.2.2.2	Instructional	booklet		
The instructional booklet incorporated (see Appendix E) all the materials required for 
phases 2-4 (identifying prior knowledge, learning and test phases) of the experiment. 
The first page of the booklet was a cover page titled “8-Page Instructional booklet – 
(Experiment 1)” and had a rectangular box that contained participant number. The 
second page contained a question to ascertain prior knowledge “ Write down anything 
you know about the water cycle on the picture below” and to collect data about 
participants’ age and gender (see Figure 4.6). The third page contained the instructional 
material (either redundancy condition, redundancy-free or redundancy condition with 
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guidance on how to self-manage the redundancy effect), which was presented on an A3 
sheet of paper. The rest of the of the booklet contained a series of post-test questions 
(three pages) related to the instructional material to assess participants knowledge 
(detailed below); and mental effort rating scales, which were the same as the scale used 
in the training booklet (see Figure 4.5), for studying the instructional material and 
answering the post-test questions.  
 
 




The instructional material comprised of a science diagram on the water cycle, which 
explained the different processes involved in the water cycle, for example, transpiration, 
evaporation and surface run-off (see Appendix E for instructional material as included 
in the instructional booklet). The instructional material was adapted from Gordon et 
al.’s (2016, Condition 2) study. Gordon et al.’s (2016) study investigated self-
management of split-attention in Stage 3 primary students. Participants were given 
instructional material to study, which contained a diagram on the water cycle 
accompanied by six explanatory text boxes explaining the different processes involved 
in the water cycle. This instructional material was presented as either split-attention 
format (Condition 1), integrated (Condition 2) or split-attention format with guidance 
(Condition 3) (Gordon et al., 2016).  
 
The researcher identified this instructional material, namely, Experiment 2, Condition 2 
of Gordon et al.’s (2016) study, to be suitable for the current project’s instructional 
material as it contained diagrammatic and textual information, which could be modified 
to test the redundancy effect as in the redundancy effect studies conducted by Chandler 
and Sweller (1991, 1996).  
 
The topic of the instructional material (i.e., the water cycle) imposed a high level of 
intrinsic cognitive load, due to interaction of several elements (i.e., the different 
processes of the water cycle such as transpiration, evaporation, precipitation) that must 
be held in working memory to understand how the water cycle works. Also, as the topic 
of this material was based on Stage 4 (Year 7 and 8) New South Wales Board of Studies 
Science syllabus outcomes (BOS NSW 2012, p109), this insured novelty of the 
instructional material for the participants of the current study, who were Stage 3 (Year 5 
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and Year 6) students. Therefore, for the purpose of the current study, the same diagram 
and the six accompanying explanatory text boxes about the water cycle were included in 
the content of the instructional material. However, as the instructional material in 
Gordon et al.’s (2016) study was used to test split-attention effect, for the current study 
the content underwent some changes to make the material suitable for testing the 
redundancy effect. First, the design of the diagram was changed to make the 
instructional material self-explanatory by modelling it on previous work on the 
redundancy effect (e.g., Chandler & Sweller, 1991) and on typical diagrams of the water 
cycle available in educational web sites and textbooks, such as Wilson (2002), Haire et 
al. (1999) and Delaware River Basin Commission (2014). The following changes were 
made to render the diagram self-explanatory:  
 
1. Addition of diagrammatic information to increase clarity of the information, 
including a large cyclic arrow showing the direction of the water cycle, squiggly arrows 
coming out from the ocean and plants to the atmosphere and small arrows coming out 
from the sun pointing to the land and the ocean.  
 
2. Addition of a seventh text box (in addition to the six text boxes used in Gordon et 
al.’s (2016) study) to explain the additional process of heat energy produced by the sun, 
introduction of numbers associated with the text boxes and further adjustment to the 
positioning of the text boxes on the diagram to avoid split-attention.  
 
Then, for the purpose of adding redundancy to the content, textual informing was added 
that was contained in seven additional text boxes. Elaboration on the instructional 
material is detailed below.  
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During the development of the instructional material, consultation was undertaken with 
an experienced secondary science educator. The secondary science educator reviewed 
the diagrammatic and textual content of the instructional material. Furthermore, the 
initial design of the instructional material was reviewed and endorsed by an 
international expert on CLT at a seminar that was held at the University of Wollongong, 
Australia in April 2014.  
 
Similar to the training material (i.e., the diagram on blood flow through the heart, lungs 
and body), the instructional material was presented in colour on one single-sided 
landscape A3 sheet of paper so that participants could view the diagrammatic and 
textual information on the water cycle and the provided instructions on one page. The 
instructional material was folded in half and included in the instructional booklet, which 
included all the materials required for phases 2-4 (identifying prior knowledge, learning 
and test phases) of the experiment. The diagram that was presented to participants in 
each of the experimental conditions was aligned to the top left corner of the page and 




As in the training material of the redundancy condition, the content was formatted to 
include both relevant and non-relevant information (see Figure 4.7). There were seven 
pairs of text boxes that were overlayed on the diagram, with each of the two text boxes 
in each of the seven pairs placed on top of each other. The top text boxes were the same 
six text boxes presented in the material of Gordon et al. (2016, Condition 2) plus a 
seventh text box that was added to the material to make it self-explanatory. While these 
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text boxes presented necessary information, the text boxes underneath them simply 
stated what the diagram provided visually, rendering them redundant. For example, the 
first top text box stated; “The sun is a source of heat energy. It heats up water in plants 
and the ocean, turning it into gas”. This information was necessary for understanding. 
However, the text box underneath stated; “This is the first step of the water cycle. It is 
shown by the black arrows coming out from the sun and the blue squiggly arrows that 
are coming out from the trees and ocean”. This information was not required for 
understanding as it only stated what the diagram provided visually, such as direction of 
arrows and step number, and therefore this second underneath text box was redundant. 
As in the training material, instructions regarding what students were required to do 
were given in a blue text box on the top of the page. Instructions provided were 
identical to those given in the training material of redundancy condition, except that 
students were asked to study a different topic, i.e., the water cycle. The instructions 
asked participants to perform the following:  
1. Look at the picture and read all the text boxes in the order given;  
2. Read all the text boxes again to understand the water cycle; and  
3. Look at the picture and read all the text boxes for the third time.  
 
The purpose of these instructions was to force participants to process all the 




Figure 4.7: Instructional material - Redundancy format 
 
Redundancy-free condition 
The content was formatted to reduce extraneous cognitive load by removing any 
redundant information (see Figure 4.8), as in redundancy-free condition of the training 
material where only relevant information was provided. Hence, only the top text boxes 
of the seven pairs of the text boxes, which were presented to participants in redundancy 
condition, were presented in redundancy-free condition. Instructions given in a blue text 
box on the top of the page were identical to redundancy condition’s instructions. The 
instructions required participants to perform the following:  
1. Look at the picture and read all the text boxes in the order given;  
2. Read all the text boxes again to understand the water cycle; and  
3. Look at the picture and read all the text boxes for the third time.  
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Figure 4.8: Instructional material - Redundancy-free format 
	
Redundancy with guidance	condition 
The instructional material was identical to that of redundancy condition, with the same 
seven pairs of text boxes overlayed on the diagram (see Figure 4.9). However, the text 
boxes were removable as they were made of cut out pieces of paper that were stuck to 
the page with blue tack. The strategy provided to students in the self-management 
condition (i.e., redundancy with guidance condition) to learn the instructional material 
was to: engage with the material (textual and diagrammatic information) by looking at 
and reading it; make a decision which piece of textual information is not useful and 
remove it by reading and comparing it to other pieces of textual information and to the 
diagrammatic information; and then look and only read the textual information left. The 
instructions given in a blue text box on the top of the page, presented written guidance 
on how to self-manage redundancy, which was aligned to the learning strategy of the 
redundancy with guidance condition. The guidance given was identical to that in the 
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training material of redundancy with guidance condition, except that students were 
asked to study a different topic, i.e., the water cycle. The guidance asked participants to 
carry out the following tasks:  
1. Look at the picture and read all the text boxes in the order presented;  
2. Read all the text boxes again and in the same time remove the text boxes that were 
not useful to understand the water cycle; and  
3. Look at the picture and only read the text boxes that were left on the diagram. 
As in redundancy with guidance condition training material, the bottom and right 
margins of the page were labelled “PLEASE PUT THE TEXT BOXES THAT YOU 
REMOVE IN THIS AREA”, so participants placed the unwanted text boxes that they 
removed in these two areas (see Figure 4.9).  
 
 
Figure 4.9: Instructional material - Redundancy format with guidance 
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The post-test questions were adapted from Gordon et al.’s (2016) study. The post-test 
comprised of 6 short-answer questions that totalled 26 marks. There were three types of 
questions: recall questions (required students to reproduce knowledge learnt), near-
transfer questions (required students to apply learnt knowledge to solve similar 
problems) and far-transfer questions (required students to apply learnt knowledge to 
novel contexts. The categorisation of questions as recall, near-transfer and far-transfer 
was based on the conventional classification system used in CLT research. The 
questions were formatted on three A4 single-sided pages, which were included in the 
instructional booklet. Instructions on what students were required to do were provided 
on top of each of the three pages (see Appendix E for the post-test incorporated in the 
instructional booklet). The first page in the post-test included the following instructions 
and question number 1: “You have 5 minutes to complete this page. When you finish, 
stay on this page and check your answers”. Question number 1 was as follows: “1. 
Label the seven processes involved in the water cycle and briefly explain what is 
happening in each process”. This question comprised two parts (total 14 marks). The 
first part of the question “Label” assessed recall knowledge, while the second part of the 
question “briefly explain” assessed near-transfer knowledge. Page 2 included the 
following instructions and questions number 2, 3, 4 and 5:  “You have 4 minutes to 
complete this page. When you finish, stay on this page and check your answers”. 
Questions number 2, 3 and 4 assessed near-transfer knowledge (total 5 marks), for 
example, “3. What is the name of the process where plants lose water from their leaves 
into the air?” Question number 5 assessed far-transfer knowledge (total 1 mark) and was 
as follows: “5. After you’ve had a hot shower, why do drops of water appear on the 
bathroom mirror?” Page 3 included the following instructions and question number 6: 
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“You have 3 minutes to complete this page. When you finish, stay on this page and 
check your answers”. This question assessed far-transfer knowledge (total 6 marks). 
 
4.2.3	Procedure	
The researcher read a script aloud (see Appendix F) to ensure that all participants 
received the same information in accordance with each participant’s condition. 
Participants were introduced to the experiment to familiarise them with the purpose of 
the experiment and the different activities they would be involved in during the 
experiment. Participants were informed that they would be working through two 
booklets wherein they would be involved in the following activities. First, they would 
be working on a training booklet, in which they would be trained on how to use a 9-
point mental effort scale and how to study their instructional material using a science 
diagram. Then, they would be working on an instructional booklet, in which they would 
be studying a second science diagram using the same learning strategy they were taught 
in the first science diagram in the training booklet followed by post-test questions 
related to the second diagram to check its effectiveness. A digital timer was used to 
make sure that each timed component of the experiment was consistent. The duration 
for the sessions, i.e., 45 minutes, was calculated by summing the durations allocated to 
each of the phases of the experiment. Participants were tested in pairs (with the 
researcher) to ensure control of experimental condition. There were four phases to the 
experiment as shown in Figure 4.1 demonstrating an illustration of the experiment 
design: 
1. Training phase  
2. Identifying prior knowledge phase 
3. Learning phase 
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4. Test phase 
 
1. Training phase 
The training phase lasted for twenty-three minutes, this time was allocated based on 
practising the training phase with a Year 5 student, where the researcher read the 
training phase section of the script (see Appendix F) and observed the time for 
completion of training. The researcher distributed the training booklets and asked the 
participants to not look ahead until instructed. Participants were informed that the aim 
of the training booklet was to train them on how to use the 9-point mental effort scale 
and how to study their instructional material provided in the instructional booklet, and 
that it was important that they understand these two training components. The 9-point 
mental effort rating scale developed by Paas (1992) was used in Experiment 1 to 
measure students’ perceived mental effort for learning the instructional material and for 
answering the post-test questions. This self-reported measure of cognitive load has been 
used frequently and successfully employed in CLT research over the last two decades 
(Sweller et al., 2011). In this measure, learners are asked to give a rate of their 
perceived volume of mental effort invested in a task on a unidimensional Likert-scale 
measure at several points during the learning and testing phases (Ayres & Paas, 2012). 
This self-reported scale has been shown to be the most convenient, reliable and 
applicable measure of cognitive load (Paas, 1992). As explained above in Section 
4.2.2.1, for this study, a revised 9-point scale reported in Gordon et al.’s (2016) study 
was adopted for Experiment 1 (see Figure 4.5).   
 
The nine-point mental effort scale (Paas, 1992) and the notion of mental effort were 
introduced and explained to participants. To explain the extremities of the scale, 
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participants were given two mathematical problems to work out in their heads; the first 
problem was simple “what is 4 + 1?” and the second one was difficult “what is 371 + 
434?” Immediately after they provided their answer for a problem, participants were 
asked to look at the scale and indicate their perceived amount of mental effort used in 
solving the problem by circling one of the numbers on the scale (see Figure 4.5 for the 
mental effort rating scale used).  
 
After training on use of the 9-point mental effort scale was concluded, participants in all 
the three experimental conditions received training on how to study their instructional 
materials. This was conducted using the training material, which was a diagram on 
blood flow through the heart, lungs and body (described above). The aim was to teach 
the participants how to study their instructional materials following the specific learning 
strategy they were assigned, which were based on their experimental conditions. The 
instructions provided to the participants in the redundancy condition and the 
redundancy-free condition required them to perform the following: (1) look at the 
picture and read all the text boxes in the order shown; (2) read all the text boxes again to 
understand how the blood flows through the heart, lungs and body; and (3) look at the 
picture and read all the text boxes for the third time. The instructions provided to the 
participants in the redundancy with guidance condition required them to perform the 
following: (1) look at the picture and read all the text boxes in the order shown; (2) read 
all the text boxes again and remove any text boxes that are not useful to understand how 
the blood flows through the heart, lungs and body; and (3) look at the picture and only 
read the text boxes that are left. The researcher introduced the diagram on blood flow 
through the heart, lungs and body to the participants and then asked them to read the 
three instructions on top. The researcher, then, clearly explained how to implement each 
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of the instructions and (immediately after an explanation of an instruction was given) 
asked participants to do as instructed. Participants in both redundancy and redundancy-
free conditions received similar training on how to study their instructional materials as 
the instructions provided on the top of their instructional materials were identical.   
 
Participants in the redundancy with guidance condition received training on the skill of 
self-managing redundancy, which they were required to use during the learning phase. 
Similar to the training provided to the redundancy condition and redundancy-free 
condition, after participants had finished reading the instructions on the top of the page, 
the researcher explained each instruction and asked participants to do as instructed. 
Training on how to implement the first instruction and third instruction was conducted 
in the same way as in the other two conditions. However, for the second instruction 
(which required participants to read all the text boxes and remove the non-useful ones to 
understand the information), the researcher explicitly modelled the skill of self-
management to the participants, by removing three of the four redundant text boxes 
with help from the students, and provided clear explanation on how and why to perform 
it. The researcher, then, asked the participants to do the same for the fourth pair of text 
boxes on their own, without help of the researcher. The researcher checked whether 
students had removed the right text box (see Appendix F for details of the training 
provided).  
 
The learning strategy that participants needed to use to study the diagram in the 
instructional material was re-explained briefly, participants were encouraged to ask 
questions and the training booklets were collected. Students were reminded that they 
were going to use the same learning strategy to study the diagram in the second booklet 
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and that they were required to do this by themselves, without the support of the 
researcher. 
 
2. Identifying prior knowledge phase 
Identifying participants’ prior knowledge followed immediately after the training phase. 
The researcher distributed the instructional booklets that included all the materials 
needed for Phases 2-4 (see Appendix E for the instructional booklet) and asked the 
participants to not open them until instructed. The researcher insured that each booklet 
matched participants ID number. Participants were informed that the test was not to 
measure students’ ability; rather, it was for the purpose of assessing the effectiveness of 
the instructional material. Participants were instructed that they were not allowed to turn 
pages of the booklet until instructed. Participants were informed that they could not turn 
back and look at previous pages of the booklet. The researcher instructed participants to 
turn to the next page of the booklet and complete information regarding age and gender.  
Following demographic information participants were given two minutes to write down 
anything they knew about the water cycle on a water cycle diagram (see Figure 4.6). 
 
3. Learning phase 
Immediately after participants completed the question that assessed their prior 
knowledge, they were given eight minutes to study the instructional material. The time 
allocated for learning the instructional material was determined through an informal 
pilot study conducted with a Year 5 primary student. The instructional material was 
either redundancy formatted (redundancy condition), redundancy-free (redundancy-free 
condition) or redundancy formatted with guidance on how to remove redundancy 
(redundancy with guidance condition). Immediately upon reviewing the instructional 
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materials, participants rated their perceived mental effort for learning the material 
utilising the mental effort scale displayed in Figure 4.5.  
 
4. Test phase 
Following the learning phase participants completed a post-test. The time for the post-
test was twelve minutes, which was based on Gordon et al.’s (2016) study. As explained 
above, the post-test comprised of 6 short-answer questions that totalled 26 marks. The 
questions comprised three types of questions; recall, near-transfer and far-transfer 
questions. The recall question had a maximum score of 7; this question was the first part 
of question 1. The near-transfer questions had a maximum score of 12; these were the 
second part of question 1 (7 marks), question 2 (3 marks), question 3 (1 mark) and 
question 4 (1 mark). The far-transfer questions had a maximum score of 7; these were 
question 5 (1 mark) and question 6 (6 marks). As stated earlier, recall questions required 
students to reproduce knowledge learnt during the learning phase, near-transfer 
questions required students to apply learnt knowledge to solve similar problems and far-
transfer questions required students to apply learnt knowledge to novel contexts. 
Immediately upon completing the test items, participants rated their perceived mental 
effort for answering all the questions in the post-test. 
 
At the conclusion of the test phase, participants were asked not to share the information 
they had seen in the experiment with any of the students in Year 5 and Year 6 in order 




The dependant variables under analysis were post-test scores, including total test score, 
recall, near- and far- transfer questions and mental effort ratings for learning the 
instructional material and answering the post-test questions. All scores were entered in a 
spread-sheet and analysed using SPSS (version 21.0). One-way, between-groups 
analyses of variances (ANOVAs) were conducted for each of the dependant variables 
and post-hoc comparisons using Tukey contrasts were calculated. Throughout this 
study, an alpha level of 0.05 was used as the criterion for determining statistical 
significance. Cohen’s d was calculated to measure effect size, with the values of 0.20, 
0.50 and 0.80 indicating small, medium and large effect sizes, respectively (Cohen, 
1988).  
 
In order to minimise data collector bias (Wallen & Fraenkel, 2001), the A3 sheet of 
paper that was included in the instructional material was kept folded during the marking 
process. This meant that the researcher was blind to a participant’s allocated condition 
when marking. Also, to ensure objectivity of marking, a predetermined marking 
criterion was applied which was adapted from Gordon et al. (2016) (see Appendix G for 
the marking criterion used). Before entering the data into SPSS, to ensure consistency in 
the allocation of marks and double coding the researcher’s two supervisors each marked 
three participants test questions. After data was inputted into SPSS, the data was then 
double-checked by the researcher for accuracy. This involved insuring that the data 





The results are presented by analysis of performance scores followed by mental effort 
and then analysis of instructional efficiency. For each of these measures (i.e., 
performance, mental effort and instructional efficiency) the results are presented 
according to the comparisons made between the different experimental conditions in the 
following order:  
• Redundancy-free condition compared to redundancy condition;  
• Redundancy with guidance condition compared to redundancy condition;  
• Redundancy with guidance condition compared to redundancy-free condition. 
	
4.4.1 Prior knowledge	
An analysis of the mean and standard deviation conducted on the question that tested 
prior knowledge (N = 31) showed students had very limited prior knowledge, with M = 
2.23 (SD = 1.41) out of possible 14 marks. The highest score achieved was 5 marks (N 
= 1) out of 14, the maximum score possible. The	results	from	the	prior	knowledge	
test	showed	that	all	participants	had	limited	prior	knowledge	as	indicated	by	the	




One-way analysis of variance (ANOVA) was conducted on post-test performance 
scores to understand if there were any differences between the three experimental 
conditions. The means and standard deviations are presented in Table 4.1.  
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Table 4.1: Means and Standard Deviations (in parentheses) for test scores 
Condition Performance Measures 
 Total  Recall Near-transfer Far-transfer 
1. Redundancy 
(n= 11) 7.82 (5.58) 2.91 (2.66) 3.91(2.55) 1.00 (1.10) 
2. Redundancy-




7.50 (5.78) 1.90 (2.33) 3.30 (1.57) 2.30 (2.58) 
Max. Score /26 /7 /12 /7 
 
The result from the homogeneity of variances test (Levene’s test) was not significant (p 
> 0.05) for total-test score, therefore the variances within conditions were considered to 
be homogeneous. The performance scores showed that, on average, students did not 
perform very well, which indicates that the intrinsic load of the instructional material 
was high.  A one-way ANOVA for total test scores showed no significant difference 
between the three conditions, F (2, 28) = .026, MSe = .641, p = .975.  
 
The Levene’s test for recall indicated that the variances within conditions were 
homogeneous (P > 0.05). The results from the one-way ANOVA for recall showed no 
significant differences between the conditions, F (2, 28) = .545, MSe = 2.766, p = .586. 
 
Similar to recall results, the Levene’s test for near-transfer indicated the variances 
within conditions were homogeneous (p > 0.05). The results from the one-way ANOVA 
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for near-transfer showed no significant differences between the conditions, F (2, 28) = 
.376, MSe = 1.463, p = .690.  
 
The Levene’s test for far-transfer was significant, indicating that the variances within 
conditions were not homogenous (p = 0.006). The results of the one-way ANOVAs for 
far-transfer showed no significant differences between the conditions, F (2, 28)  = 
1.420, MSe = 4.589, p = .259. However, as the Levene’s test results showed that the 
assumption of homogeneity was violated, Welch’s test was used as an alternative for the 
one-way ANOVA results. Welch’s test revealed no significant differences between the 
conditions, F (2, 16.68) = 1.122, p = .349` 
 
Hypothesis 1 stated that the redundancy-free condition would outperform the 
redundancy condition on performance measures; this hypothesis was not confirmed for 
total, recall, near and far performance measures. Hypothesis 4 stated that the 
redundancy with guidance condition would outperform the redundancy condition on 
performance measures; the results showed that the redundancy with guidance condition 
did not outperform the redundancy condition for total, recall, near and far performance 
measures, therefore, hypothesis 4 was not confirmed. Exploratory question 3 asked the 
following: What is the performance of the redundancy with guidance condition 
compared to redundancy-free condition? The results showed that there was no 
statistically significant difference between the two conditions for total, recall, near and 
far across performance measures. An overall discussion of the performance results can 




One-way analysis of variance (ANOVA) was conducted on mental effort ratings for 
learning the instructional material (immediately after finishing the learning phase) and 
for answering the post-test questions (immediately after completing the test phase) to 
understand if there were any differences between the three conditions in regards to 
mental effort. The means and standard deviations are displayed in Table 4.2. 
 
Table 4.2: Means and Standard Deviations (in parentheses) for mental effort ratings 
Condition Mental effort ratings 












5.80 (1.99) 7.80 (1.23) 
 
 Range: 1-9 
	
4.4.3.1	Mental	effort	rating:	Learning	phase				
The result from the homogeneity of variances test (Levene’s test) was not significant (p 
> 0.05) for the ratings of mental effort for learning the instructional material. Thus, the 
variances within conditions were assumed to be homogeneous. A one-way analysis of 
variance ANOVA for mental effort ratings for learning the instructional material 
indicated no significant difference between the three conditions, F (2, 28) = 1.447, MSe 




The Levene test yielded a non-significant value (p > 0.05) for the ratings of mental 
effort for answering the post-test questions. Thus, the variances within conditions were 
assumed to be homogeneous. A one-way ANOVA for mental effort ratings for the test 
phase demonstrated a significant effect between conditions, F (2, 28) = 6.761, MSe = 
26.956, p = .004. Post hoc comparisons using Tukey contrasts indicated that the 
redundancy-free condition demonstrated a lower mental effort than the redundancy 
condition at a statistically significant level, p = .043. There was no statistical significant 
difference between the redundancy with guidance condition and redundancy condition. 
The redundancy with guidance condition showed a higher test phase mental effort than 
redundancy-free condition at a statistically significant level, p = .004. 
 
Hypothesis 2 stated that the redundancy-free condition would demonstrate lower mental 
effort than the redundancy condition. This hypothesis was partially confirmed, as the 
statistically significant difference between the two conditions was obtained for mental 
effort ratings for the test phase. There was no statistical significance for mental effort 
ratings for the learning phase. Exploratory question 1 asked the following: What is the 
mental effort of the redundancy with guidance condition compared to redundancy 
condition? The answer to this exploratory question was that there was no statistically 
significant difference between the two conditions in mental effort for both the learning 
and test phases. Exploratory question 4 asked the following: What is the mental effort 
of the redundancy with guidance condition compared to redundancy-free condition? 
The answer to this exploratory question was that the redundancy with guidance 
condition demonstrated significantly higher mental effort than the redundancy-free for 
the test phase. There was no significant difference found between the two conditions for 
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mental effort ratings for the learning phase. An overall discussion of the mental effort 
ratings for learning and test phase will be presented at end of this chapter. 
 
4.4.4	Instructional	efficiency		
The effectiveness of different instructional conditions is referred to as relative 
instructional efficiency (Kalyuga, 2009; Paas & Van Merrienboer, 1993). A measure of 
relative efficiency of instruction was devised by Paas and Van Merrienboer (1993), 
it was proposed that combining the measures of mental effort and performance 
would provide better insight into the potential benefits of particular instructional 
designs and learning environments. Students’ scores for performance and mental effort 
were standardised by subtracting each score from the total mean and dividing the result 
by the standard deviation. This computation changes the scores for mental effort and 
performance into a z-score for mental effort, zMtest, and a z-score for performance, 
zPtest, across conditions. The instructional efficiency, E, is then computed for each 
student using the formula: 
 
                                                                   zPtest    -      zMtest 
Efficiency (E)  =  
                                                                                                                         2                
 
As explained in Chapter 2, when performance z score is higher than mental effort z 
score (P > M), the instructional material is more efficient, indicated by a positive value 
(E > 0). When performance is lower than perceived mental effort P < M, the material is 
less efficient, indicated by a negative value (E < 0). One-way analysis of variance 
(ANOVA) was conducted on instructional efficiency ratings to understand if there were 
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any differences between the three experimental conditions. Instructional efficiency 
means and standard deviations are presented in Table 4.3. 
 
Table 4.3: Means and Standard Deviations (in parenthesis) for efficiency                
 
Condition                                                      Efficiency          
 
 
1. Redundancy                                                 -0.11 (0.83) 
(n= 11)      
    
2. Redundancy-free                                          0.58 (0.70) 
(n=10)       
 
3. Redundancy  
with Guidance (n=10                                       -0.46 (1.05) 
 
 
The Levene’s test for efficiency ratings indicated the variances within conditions were 
homogeneous (P > 0.05). A one-way ANOVA on the efficiency ratings showed a 
significant difference between the three conditions, F (2, 28) = 3.699, MSe = 2.795, p = 
.038. A Tukey post-hoc test for efficiency revealed that there was no significant 
difference in instructional efficiency between the redundancy-free condition and the 
redundancy condition. Also, there was no significant difference between the redundancy 
with guidance and redundancy condition. The redundancy-free condition showed 
significantly higher efficiency than the redundancy with guidance condition, p = .033. 
	
4.4.5	Condition	efficiency	graphical	representation	
To provide better understanding and interpretation of the results of instructional 
efficiency, the performance and mental effort means of the standardized scores were 
plotted in a coordinate system as dots representing the instructional condition (see 
Figure 4.10). 
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Figure 4.10: Condition efficiency (E) representation for redundancy condition, 
redundancy-free condition and redundancy with guidance condition 
 
Instructional efficiency (E) is then determined by the perpendicular distance from each 
of the dots to the diagonal Performance (P) – Mental effort (M) line (P – M line). As 
explained in Chapter 2, a high instructional efficiency occurs with a high performance 
score combined with low mental effort. This is in the top left of the coordinate system. 
A low instructional efficiency results from the combination of a low performance score 
and high mental effort. This is at the bottom right of coordinate system. As can be seen 
in Figure 4.10, the redundancy-free condition is above the P = M line, while the 
redundancy and redundancy with guidance conditions are below the line. This 
demonstrates that the redundancy-free condition had the highest efficiency. When 
comparing the redundancy with guidance condition to the redundancy condition, the 
redundancy with guidance condition has a lower efficiency than the redundancy 
condition.  
 
Hypothesis 3 stated that the redundancy-free condition would result in higher 





























confirmed, as the results revealed there was no statistically significant difference 
between the two conditions. Exploratory question 2 asked the following: What is the 
instructional efficiency of the redundancy with guidance compared to redundancy 
condition? The answer to this exploratory question was that the redundancy with 
guidance condition did not significantly differ from the redundancy condition in 
instructional efficiency. Exploratory question 5 asked the following: What is the 
instructional efficiency of the redundancy with guidance compared to redundancy-free 
condition? The results showed that the redundancy-free condition was significantly 
more efficient than the redundancy with guidance condition. An overall discussion of 
the instructional efficiency results is presented at the end of this chapter. 
 
4.4.6	Compliance	–	Utilisation	of	guidance			
Compliance was an additional measure that was included for analysis (Roodenrys et al., 
2012). Compliance was checked for participants allocated to the redundancy with 
guidance condition. Compliance referred to the redundancy with guidance condition 
participants’ usage of the written guidance provided at the top of the page of their 
instructional material and the removal of the redundant information to self-manage 
cognitive load. That is, removal of text boxes that were not useful for understanding the 
material during the learning phase. Participants of redundancy with guidance condition 
were deemed compliant if they removed all of the redundant text boxes (i.e., the bottom 
text box of each of the seven pairs of text boxes that were overlaid on the diagram of the 
water cycle). Checking of compliance showed that the participants of redundancy with 
guidance condition were 100% compliant with the guidance (10/10) as all ten 
participants removed the seven redundant text boxes and placed them in the space 
provided on their instructional material.  
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4.5	Discussion	
The main purpose of this experiment was to investigate whether the redundancy effect 
was evident in the instructional materials. Second, the experiment aimed to investigate 
whether the guidance provided to learners in order to assist them in self-managing the 
redundancy effect would support learning in comparison to learners who were not 
provided guidance to self-manage the redundancy effect when they were presented with 




The experiment had a total of four hypotheses and five exploratory questions, which 
investigated the differences between the experimental conditions in terms of 
performance, mental effort and instructional efficiency. A summary of results for each 
of the hypotheses is shown in Table 4.4. A summary of results for each of the 
exploratory questions then follows. 
 
Table 4.4: Summary of results for the four hypotheses  
Hypotheses  Result 
Focus: Performance 
H1. Redundancy-free > Redundancy Not confirmed 
H4. Redundancy with guidance > 
Redundancy 
Not confirmed 
Focus: Mental Effort 
H2. Redundancy-free < Redundancy Confirmed for test phase 
Focus: Instructional Efficiency 
H3. Redundancy-free > Redundancy Not confirmed 
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The results of the five exploratory questions were as follows. In terms of performance, 
exploratory question 3 asked the following: What is the performance of the redundancy 
with guidance condition compared to redundancy-free condition? The results showed 
that there was no statistically significant difference between the two conditions across 
performance measures, total, recall, near and far. In terms of mental effort, exploratory 
question 1 asked the following: What is the mental effort of the redundancy with 
guidance condition compared to redundancy condition? The redundancy with guidance 
condition indicated a similar mental effort to the redundancy condition for both the 
learning and test phase, there was no statistical significant difference between the two 
conditions. Exploratory question 4 asked the following: What is the mental effort of the 
redundancy with guidance condition compared to redundancy-free condition? The 
redundancy with guidance condition showed significantly higher mental effort than 
redundancy-free but only for the test phase. In relation to instructional efficiency, 
exploratory question 2 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy condition? The redundancy with 
guidance condition did not significantly differ from the redundancy condition. 
Exploratory question 5 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy-free condition? Exploratory 
question 5’s results revealed that the redundancy-free condition was significantly more 
efficient than the redundancy with guidance condition. The following sections provide 





Hypotheses 1, 2 and 3 investigated the difference between the redundancy-free 
condition compared to the redundancy condition. Hypothesis 1 predicted that the 
redundancy-free condition would outperform the redundancy condition on performance 
measures, due to decreased extraneous cognitive load. This hypothesis was not 
confirmed, as there was no significant difference between the redundancy-free and 
redundancy condition on any of the post-test performance scores, total, recall, near-
transfer and far-transfer scores. While there was non-significant results, the redundancy-
free condition showed a higher mean than the redundancy condition across the two 
performance measures, near-transfer and far-transfer, with small effect sizes, d = 0.04 
and d = 0.31, respectively. The total-test score also showed a similar pattern, with the 
redundancy-free condition reporting a higher mean than the redundancy condition, with 
a small effect size, d = 0.04. The redundancy condition showed a higher mean than the 
redundancy-free for recall, with a small effect size obtained, d = 0.14. These results 
suggest some difference in the instructional materials in favour of the redundancy-free 
condition.  
  
Hypothesis 2 stated that the redundancy-free condition would show lower mental effort 
than the redundancy condition, due to decreased extraneous cognitive load. This 
hypothesis was confirmed only for the test phase, as the redundancy-free condition 
reported significantly lower mental effort than redundancy condition in the test phase. 
There was no statistical significance for mental effort ratings for the learning phase. 
While there was a non-significant difference between the two conditions in mental 
effort for the learning phase, the redundancy-free condition had a lower mean than the 
redundancy condition, with a medium effect size obtained, d = 0.72.  
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Hypothesis 3 stated that the redundancy-free condition would result in higher 
instructional efficiency than the redundancy condition due to higher performance and 
lower extraneous cognitive load. This hypothesis was not confirmed, as the two 
conditions did not significantly differ in efficiency scores. While there was no 
significant difference, the redundancy-free condition reported higher efficiency mean 
than the redundancy condition, with a large effect size obtained, d = 0.90. Additionally 
the redundancy-free condition was above the diagonal line on the efficiency graph, 
demonstrating higher efficiency than the redundancy condition.  
  
4.5.3	Summary	of	results	for	Redundancy	with	guidance	vs	Redundancy	
Hypothesis 4 and exploratory questions 1 and 2 investigated the difference between the 
redundancy with guidance condition compared to the redundancy condition. Hypothesis 
4 stated that the redundancy with guidance condition would outperform the redundancy 
condition on performance measures, due to the use of the guidance to remove redundant 
information. This hypothesis was not confirmed, as there was no significant difference 
between the redundancy with guidance condition and the redundancy condition for 
total, recall, near and far performance measures. The two conditions showed similar 
means for total, recall and near-transfer, with small effect sizes obtained, d = 0.06, d = 
0.40 and d = 0.29, respectively. However, the results for far-transfer showed that the 
redundancy with guidance condition had a higher mean than the redundancy condition, 
with a medium effect size obtained d = 0.66.   
 
Exploratory question 1 asked the following: What is the mental effort of the redundancy 
with guidance condition compared to redundancy condition? The answer to this 
exploratory question was that there was no significant difference between the two 
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conditions in mental effort for both the learning and test phases, with a small, d = 0.25 
and medium effect size, d = 0.50, respectively.  
 
Exploratory question 2 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy condition? The results showed that 
the redundancy with guidance condition did not significantly differ from the redundancy 
condition. The redundancy with guidance reported a lower efficiency mean than the 
redundancy condition, with a small effect size obtained, d = 0.37. This result is 
attributed to the results of mental effort rather than test score, as although not 
statistically significant, the redundancy with guidance condition reported a higher mean 
mental effort for the test phase than the redundancy condition.  
 
4.5.4	Summary	of	results	for	Redundancy	with	guidance	vs	Redundancy-free	
Exploratory questions 3, 4 and 5 investigated the difference between the redundancy 
with guidance condition compared to the redundancy-free condition. Exploratory 
questions 3 asked the following: What is the performance of the redundancy with 
guidance condition compared to redundancy-free condition? The results showed that 
there was no significant difference between the two conditions in the post-test 
performance scores: total, recall, near-transfer and far-transfer scores, with small effect 
sizes, d = 0.11, d = 0.35, d = 0.45 and d = 0.43, respectively, suggesting that the two 
conditions performed similarly.   
 
Exploratory question 4 asked the following: What is the mental effort of the redundancy 
with guidance condition compared to redundancy-free condition? Results showed that 
the redundancy with guidance condition demonstrated significantly higher mental effort 
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than redundancy-free but only for the test phase. While there was no significant 
difference between the two conditions for mental effort ratings for the learning phase, 
the redundancy with guidance condition reported a higher mean mental effort than 
redundancy-free, a small effect size was obtained, d = 0.47. 
 
Exploratory question 5 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy-free condition? The results showed 
that the redundancy-free condition was significantly more efficient than the redundancy 
with guidance condition, with a large effect size obtained, d = 1.17. 
 
4.5.5	Implications	of	results	
There were three key results from Experiment 1. In terms of performance, although the 
three conditions did not significantly differ in any of the performance measures, total, 
recall, near or far transfer, the redundancy with guidance condition performed better 
than both the redundancy and redundancy-free conditions in far-transfer, with a 
medium, d = 0.66 and small effect size, d = 0.43, respectively. This result indicates 
there is some support for redundancy with guidance instructional materials supporting 
learning. In terms of mental effort, the expectation that the redundancy-free condition 
would show lower mental effort than the redundancy condition was confirmed for the 
test phase with a statistical significant difference between the two groups. While there 
was a non-significant difference between the redundancy-free and redundancy 
conditions in mental effort for the learning phase, the redundancy-free condition had a 
lower mean than the redundancy condition, with a medium effect size obtained, d = 
0.72. In terms of instructional efficiency, while there was no significant difference 
between the redundancy-free and redundancy condition, the redundancy-free condition 
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reported higher efficiency mean than the redundancy condition, with a large effect size 
obtained, d = 0.90, additionally the redundancy-free condition was above the diagonal 
line on the efficiency graph (see Figure 4.10), demonstrating high efficiency. Further, 
the redundancy-free condition showed significantly higher instructional efficiency than 
the redundancy with guidance condition, with a large effect size obtained, d = 1.17. The 
results for both mental effort and instructional efficiency provide support for the 
redundancy effect indicating that the redundancy-free condition was the optimal 
condition, as hypothesized. 
 
A proposition for what could have influenced the results is that these results may be 
attributed to a very small sample size utilized for the experiment, where the sample may 
not have been sufficient to discern any significant differences between the conditions. 
Gall, Gall and Borg (2007) suggest that a minimum total sample size recommended for 
ANOVA tests of 3 groups with an alpha of .05 and a medium size effect (.5) is 81 
participants, this experiment had a total of 31 participants.  
 
4.6	Refinements	for	Experiment	2	
The experimental materials for Experiment 1 were reviewed by the researcher in 
consultation with the supervisory team and an international CLT expert in February 
2015. A review of instructional materials and a discussion of possible improvements to 
the instructional materials and experimental procedure was undertaken. The following 
three changes were suggested for the experimental materials. Firstly, the expert 
suggested that the content of the training materials (i.e., the diagram on blood flow 
through the heart, lungs and body) was too difficult. As explained in Section 4.2.2.1, the 
training material was on blood flow through the heart, lungs and body, which was 
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adapted from Chandler and Sweller’s (1991, Experiment 5, Condition 3) study for 
training participants on different conditions of the current experiment. The blood flow 
materials were considered as they depicted a sequence of steps similar to the 
experimental materials. However, upon reflection based on the analysis of results and 
expert review of the materials, it was conjectured that the training materials used were 
too difficult and thus could have detracted from the students learning the water-cycle 
information during the learning phase. To improve the training phase, Experiment 2 
used a simpler content for the training material so that the students could focus on 
learning the instructional techniques required in each condition. By reducing the 
complexity of information in the training phase it was anticipated that students maybe 
more engaged in the instructional material in the learning phase, with the intention of 
supporting students’ learning and enhancing performance in the test phase.   
 
Secondly, although use of the current 9-point scale produced significant results in the 
test phase, the CLT international expert recommended simplifying the scale for the 
participants by using a graded scale with fewer points. Each scale would be illustrated 
with facial expressions without numbers, and with descriptive text that was only 
provided for the first and last points of the scale. The CLT expert commented that it 
maybe difficult for children to differentiate between the nine points of the scale. 
However, children may distinguish a series of gradation of faces from a very smiley 
face to a very angry face, eliminating the need for numbers and descriptive text. This 
recommendation is in line with recent research conducted by Hu et al. (2015), discussed 
in Chapter 2, where a 5-point task difficulty scale accompanied by facial expressions 
was successfully implemented with Year 5 primary students  
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Thirdly, to increase the sensitivity of the mental effort rating scale, the expert also 
suggested to measure cognitive load at multiple points during the test phase, i.e., after 
the recall, near-transfer and far-transfer test items, rather than one reported measure at 
the end of the test phase of Experiment 1. A 5-point mental effort scale was 
implemented, a full discussion of the revisions made to the materials for Experiment 2 
are elaborated in Chapter 5. In relation to sample size, a larger sample size was 
recommended to investigate possible differences between conditions.  
 
Experiment 2 aimed to test the redundancy effect using the same instructional content 
(i.e., the water cycle material) but with an anticipated larger cohort of Stage 3 students. 
To support students learning, the training phase was made easier by reducing 
the complexity of content. Participants were trained on how to study their instructional 
materials using a diagram on understanding main parts of an iPad rather than the 
diagram on blood flow through the heart, lungs and body, with the aim that the training 
materials would be more motivating, with less element interactivity training content to 
support learning in the learning phase. A second aim for Experiment 2 was to 
investigate whether the simplified training material would enhance learning in the 






Experiment 2 participants were students from two primary schools different to that in 
Experiment 1. As in Experiment 1, approval to conduct Experiment 2 was received 
from the Human Research Ethics Committee at the University of Wollongong. 
Information sheets were sent to parents/caregivers along with consent forms. Every 
participant’s parents/caregivers signed a consent form. Experiment 2 was conducted for 
two main purposes. First, to test the redundancy effect using the same instructional 
content used in Experiment 1, but with a larger cohort of Stage 3 students. Additionally, 
Experiment 2 used a simplified training phase, with the aim that the training materials 
would be more motivating, with less element interactivity training content to support 
learning in the learning phase. It	should	be	stressed	here	that	only	the	training	
material	content	was	changed	for	Experiment	2	(i.e.,	from	blood	circulation	
content	to	iPad	content),	while	the	actual	instructional	material	content	was	the	
same	(i.e.,	the	water	cycle). The second purpose was to investigate whether the 
simplified training material would enhance learning in the redundancy with guidance 
condition.	
	
Before commencing Experiment 2, a pilot study was conducted employing think-aloud 
techniques to identify any refinements needed to the experimental materials and 
procedure. The materials participants received were those that were revised from 
Experiment 1. As stated in Experiment 1, section 4.6, revisions to the materials were 
conducted by the researcher in consultation with the supervisory team and an 
international CLT expert. There was a number of changes that were made to the 
materials. A summary of these changes is as follows:  
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• To improve the training phase, Experiment 2 used a simpler more motivating 
content, understanding the main parts of an iPad, so that the students could focus 
on learning the instructional techniques required in each condition. This aimed 
to reduce the complexity of training information so as to support students 
learning in the learning phase.  
 
• The mental effort scale was simplified to suit the age of the participants. A 5-
point scale illustrated with facial expressions replaced the 9-point scale used in 
Experiment 1.  
 
• To increase the sensitivity of the mental effort rating scale, measurement of 
cognitive load was conducted at multiple points during the test phase, i.e., after 
the recall, near-transfer and far-transfer test items, rather than one reported 
measure at the end of the test phase of Experiment 1. 
 
5.2	Pilot	study	
A pilot study was conducted prior to Experiment 2 to identify any further refinements 
needed to the experimental materials through the employment of think-aloud techniques 
(Someren, Barnard & Sandberg, 1994). The participants were asked to think aloud by 
expressing in words what they were doing, thinking or feeling as they completed the 
activities of Phases 2-4. Participants were informed that their “think aloud” thoughts 
would be audio recorded. Participants were asked two questions about the experimental 
materials during the learning and test phases and at the conclusion of the test phase. 
First, participants were asked why they chose a specific rating for the perceived 
difficulty after each time they had provided a rating on the scale during the learning and 
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test phases. Second, at the conclusion of the test phase, participants were asked if they 
had any comments about the experimental materials. Additionally, observations of the 
time spent on the different activities of the experiment were recorded to identify any 
refinements needed to the procedure to the experiment.  
5.2.1	Method	
5.2.1.1	Participants	
Six Stage 3 students from one Illawarra public school in New South Wales, Australia, a 
different school from Experiment 1, participated in the pilot study. The pilot study took 
place during the second term of a four-term school year. There were a total of 6 students 
(4 boys and 2 girls). 3 students aged 10 years in Year 5 and 3 students aged 11 years in 
Year 6.  
	
5.2.1.2	Materials	
The materials used for the pilot were those that would be utilised in Experiment 2. The 
materials comprised of the two single-sided A4-sized booklets that were used in 
Experiment 1, but revised for Experiment 2. These revisions included development of 
the new training material, a revised 5-point task difficulty rating scale as discussed 
above and changing Question 1 of the post-test to be a recall question, and as a result, a 
new total score for the post-test questions. The revised training booklet included the 
materials used to train participants on how to study their instructional materials (based 
on their allocated instructional conditions) and how to use the 5-point task difficulty 
rating scale (see Appendix H for the new training material as included in the training 
booklet used in the pilot). The revised instructional booklet included the materials used 
in identifying prior knowledge, learning and test phases (Phases 2-4) of the experiment 
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(see Appendix I for the revised instructional booklet used in the pilot). Details of the 
two booklets are discussed in the following sections. 
 
5.2.1.2.1	Training	booklet	
The training booklet included the materials that would be used in Experiment 2 to train 
students on how to study their instructional materials (based on their allocated 
conditions) and how to utilise the 5-point task difficulty rating scale. The training 
booklet comprised the same cover page as in Experiment 1’s training booklet with the 
inclusion of the new training material, which was a diagram on the main parts of the 
iPad accompanied by textual information (see Appendix H for the new training material 
as included in the training booklet utilised in the pilot) and the revised 5-point task 
difficulty cognitive load rating scale, (see Appendix H for the revised cognitive load 
rating scale as included in the training booklet used in the pilot). A diagram of an iPad 
and its different parts was considered appropriate for training material because iPads are 
used in schools, which makes them familiar to students. Additionally the iPad diagram 
offers simple and possibly motivating content for young learners and suits training on 
different conditions of the experiment.   
   
The new training material used in the pilot was similar to the training material of 
Experiment 1 (i.e., the diagram on blood flow through the heart, lungs and body), but as 
stated above the new training material explained the use of four parts of the iPad 
(On/Off button, Home button, Headset socket and Volume button). The new training 
material was formatted in the same exact way of Experiment 1’s training material in 
accordance with each condition.  
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The revised cognitive load rating scale was a 5-point task difficulty scale, which was 
adapted from Hu et al.’s (2015) study (see Figure 5.1). Hu et al. (2015) used a 5-point 
subjective rating scale illustrated with two faces at the extremities of the scale. The 
scale was used to measure the cognitive load for Year 5 participants, using the concept 
of task difficulty. The 5 possible responses ranged from 1 to 5, point 1 of the scale 
incorporated the expression “very easy” and was illustrated with a picture of a smiling 
face positioned above the number 1. In contrast, Point 5 incorporated the expression 
“very difficult” and a picture of a frowning face positioned above the number 5. For this 
study, this scale was modified in order to make it more understandable and easy to use 
by children participants by removing the numbers and only including emotion icons. 
There were five points on the scale, which were presented with five emotion icons that 
ranged from a very smiley face, smiley, neutral and angry face, to a very angry face. 
Two text labels were included to help students understand the faces, with the first face 
having the expression “Very easy” and the fifth face having the expression “Very 
difficult” placed under them. The instructions above the scale asked participants to rate 






The method used to assess cognitive load, which is the preferred method in most recent 
research, (e.g., Haji et al., 2015) is to use subjective rating scales. Cognitive load theory 
researchers have widely used two subjective scales. The first scale uses the notion of 
mental effort (Paas, 1992; Paas et al., 2003; Van Gog & Paas, 2008). This scale asks 
participants to provide a rate of the amount of mental effort they think they have 
invested to complete a learning activity on a 9-point Likert scale, starting from “very, 
very low mental effort” to “very, very high mental effort.” The second frequently 
utilised subjective rating scale of cognitive load uses the notion of task difficulty 
(Kalyuga et al., 1999; Marcus et al., 1996; Paas et al., 2003). This scale asks students to 
provide a rate of the perceived difficulty of a task they have completed on a 9-point 
Likert scale, ranging from  “very, very easy” to “very, very difficult.” Schmeck et al. 
(2015) state that perceived mental effort and perceived task difficulty are different 
constructs although they may correlate.  
 
5.2.1.2.2	Instructional	booklet	
The instructional booklet used in the pilot included the materials that would be used in 
Experiment 2 in identifying prior knowledge, learning and test phases (Phases 2-4) of 
the experiment (see Appendix I for the revised instructional booklet). The cover page of 
the booklet, the question that aimed at ascertaining prior knowledge and the 
instructional material, which was based on the water cycle, were identical to 
Experiment 1. The only differences were in the first question of the post-test items, 
cognitive load rating scale and the number of times ratings of cognitive load were asked 
from participants. Similar to Experiment 1, the post-test items comprised 6 short-answer 
questions, but only totaled 19 marks (instead of 26 in Experiment 1). Questions 2-6 
were identical to Experiment 1,however, question 1 was changed. In Experiment 1, 
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question 1 assessed both recall and near-transfer knowledge. The question asked 
participants to label (recall) and explain (near-transfer) the processes involved in the 
water cycle. For Experiment 2, the question was changed to assess recall knowledge 
only (total 7 marks). This change was undertaken by removing the part of the question 
that assessed near-transfer. Question 1 was as follows: “1. Label the seven processes 
involved in the water cycle”. This change was an improvement to Experiment 1, which 
was made by grouping questions according to whether they were recall, near-transfer or 
far-transfer. This allowed to measure perceived cognitive load after each group of 
questions of the same type. The post-test items used the same marking criterion that was 
used in Experiment 1 excluding the second part of question 1 that was omitted for 
Experiment 2 (see Appendix G for the marking criterion applied). Ratings of perceived 
mental effort were asked from participants after each group of questions from the same 
type (recall, near-transfer and far-transfer) using the same 5-point task difficulty rating 
scale described in the revised training booklet. This was different from Experiment 1 
where students’ perceived mental effort using a 9-point rating scale was measured only 
once in the test phase, which was upon its completion.  
 
5.2.1.3	Procedure	
As per Experiment 1, participants were randomly assigned to one of the three 
instructional conditions (redundancy condition, redundancy-free and redundancy with 
guidance condition), The same random assignment procedure was used as in 
Experiment 1. To ensure that all participants received the same information in 
accordance with each participant’s condition, the researcher read aloud a script that was 
to be used for Experiment 2. This script was revised from Experiment 1 to reflect the 
revisions that were made to the experimental materials described above (see Appendix 
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K for the revised script used in the pilot). Participants were tested on a one-on-one basis 
(one student and the researcher) and received the revised version of the training booklet 
then the revised version of the instructional booklet that would be provided to 
participants in Experiment 2. The pilot included the same four phases of Experiment 1: 
training phase, identifying prior knowledge phase, learning phase and test phase (see 
section 4.2.3 for detailed information on procedure). The training phase, identifying 
prior knowledge phase and learning phase were almost identical to Experiment 1. The 
only difference was in the training phase; while in Experiment 1 participants were first 
trained on how to use the cognitive load rating scale and then on how to study their 
instructional material, the order was reversed for the pilot – participants were first 
trained on how to study their instructional material then on how to use the cognitive 
load rating scale. This change was conducted to align the order of training activities 
with that of the instructional booklet. Before commencement of Phase 2, participants 
were asked to think aloud (i.e., express in words) what they were doing, thinking or 
feeling as they were involved in the activities of Phases 2-4 and were informed that their 
thoughts would be audio recorded. The test phase was similar to Experiment 1, but its 
completion time was only nine minutes as a result of the change made to Question 1 
(described above) of the post-test items. In addition, immediately after completing a 
group of questions from the same type (e.g., recall questions), participants rated the 
perceived difficulty of this group of questions. After each rating of task difficulty the 
students provided on the scale during the learning and test phases, the researcher asked 
the participants why they chose that specific rating. At the conclusion of the test phase, 





	The means and standard deviations for post-test performance scores and task difficulty 
ratings for learning the instructional material and for answering post-test items are 
presented in Table 5.1 and 5.2, respectively. As in Experiment 1, the post-test included 
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Examination of redundancy with guidance condition (redundancy with guidance 
condition) instructional materials showed that both participants allocated to this 
condition were 100% (2/2) compliant with the guidance as both of them removed all the 
seven redundant text boxes. This concurs with compliance results in Experiment 1 
where redundancy with guidance condition participants showed 100% compliance.  
 
Audio data from the think-aloud protocols and the two questions were transcribed (see 
Appendix L for an example of transcription). Data generated from the think-aloud 
protocols was analysed qualitatively using a process of thematic coding involving a 
two-step process informed by Saldaña (2015). The first step involved multiple readings 
by the researcher of the six transcripts to detect recurring ideas in the data and allocation 
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of initial codes (Gibbs, 2008). The second step involved the researcher reviewing the 
initial allocated codes, then clustering codes under specific key ideas or in the case for 
this pilot study issues with instructions. Key quotes to demonstrate each of the ideas/ 
issues is provided in Table 5.3. 
 




Condition Number of 
participants 
Example from data 
Misunderstanding 
the word “Label” in 
Question 1 
All 3 conditions All 6 participants “…So the sun 
evaporates water 






5/ Question 6 
All 3 conditions (Participants 1, 5 
and 6) 
“…it starts getting 
hot and then hot 
and then it starts 
bubbling…” 
Participant 5 
Focusing more on 
diagrammatic 
components (i.e. 
arrows and step 
numbers) of the 
instructional 
material than on the 




(Participant 6) “… Those squiggly 
lines going up to 
the atmosphere… 
and then the large 
white arrows…”  
Focusing on the 
processes of the 








(Participant 3) “…So the heat 
from the sun 
goes… the plants 
and ocean into a 
cloud and forms a 
cloud and then 
water droplets 
make the cloud 
bigger…”  
Justifying removal 
of redundant text 
boxes as being 
describing what is 
already seen from 
the diagram  
   
Redundancy with 
guidance condition 
(Participant 1) “…and it kind of 
says “blue squiggly 
arrows” when you 
can see them…” 
Participant 1 
	 132	
Overall, five key ideas or issues were discovered from the pilot study verbal protocols 
(see Table 5.3 for a summary). These key ideas/ issues are as follows: 
 
1. All six participants misunderstood the word “Label” in Question 1. Instead of simply 
providing labels (i.e., names) for the processes, students provided explanations. This is 
an important issue to identify as it can have a negative effect on post-test results.  
  
2. Three participants used previous experience for answering Questions 5/6. 
 
3. One out of two participants from the redundancy condition focussed more on the 
diagrammatic components of the instructional material (i.e., arrows and step numbers) 
than on learning the processes of the water cycle. 
 
4. One out of two participants from the redundancy-free condition focused on the 
processes of the water cycle rather than the diagrammatic components of the 
instructional material. 
 
5. One out of two participants from the redundancy with guidance condition justified 
removal of redundant text boxes as being describing what is already seen from the 
diagram.  
 
Participants were asked why they chose a specific rating for the perceived difficulty for 
learning the instructional materials. All four participants in the redundancy and 
redundancy with guidance condition selected the third point (neutral face) and justified 
their rating by explaining that the materials were not easy and in the same time were not 
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hard. Interestingly, one participant from the redundancy with guidance condition 
attributed his rating to the process of removing the redundant text boxes. For example, I 
think it was neutral because it was kind of easy reading it through and it was kind of 
hard picking which one has to go (Participant 1). Participants in redundancy-free 
condition selected the first point (very smiley face) and the second point (smiley face) 
on the 5-point task difficulty scale. Both participants justified their ratings by explaining 
that the material was easy. 
 
Participants were asked to provide justification for their ratings after each time they 
rated the perceived difficulty for answering each group of the post-test questions: recall, 
near-transfer and far-transfer. As explained earlier, unlike Experiment 1 that measured 
the overall cognitive load for the test phase after participants had completed all the test 
questions, Experiment 2 measured cognitive load for the test phase at multiple points, 
once after each group of questions, that is, after recall, near-transfer and far-transfer 
questions to increase the sensitivity of the mental effort scale. Overall, participants’ 
ratings for the three groups of the post-test questions ranged between the first point 
(very smiley face) to the fifth point (very angry face). Participants who selected the 
fourth and the fifth points justified their ratings by explaining that the questions were 
hard. Participants who selected the second and the third points justified their ratings by 
indicating that the questions were not easy and in the same time were not hard. 
Participants who selected the first point (very smiley face) explained that the questions 
were very easy. At the conclusion of the pilot, participants were asked if they had any 
comments. All the six participants advised that they did not have any comments.  
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Observations during the pilot study showed that the eight-minute time that was 
allocated to the learning phase in Experiment 1 was insufficient. The redundancy 
condition and redundancy with guidance condition needed more time to complete 
reading their materials for the third time. The redundancy condition took approximately 
9 minutes and redundancy with guidance condition took approximately 11 minutes to 
complete reading for the third time. The pilot study results of the think-aloud protocols 
and the observations suggested increasing the time for learning the materials and 




As discussed in section 5.1, there was a number of changes that were made for the 
materials of Experiment 2, which were based on the CLT expert review of the materials 
of Experiment 1 (see section 5.1 for a summary of the changes made for Experiment 2 
materials).  
 
In addition, based on the findings of the pilot study, the following two changes were 
conducted to the materials and procedures. Firstly, based on the findings of the think-
aloud protocols, the post-test Question 1 was revised for clarity. This question assessed 
recall knowledge and was misunderstood by all the 6 participants. Rather than providing 
a label for the name of the processes, participants provided explanations. Thus, the 
question was revised by replacing the word “Label” by the word “Name”. So, the 
question was as follows: “1. Name the seven processes involved in the water cycle”. 
Secondly, based on the observations of time that were conducted during the pilot, the 
time allocated for studying the instructional material was increased to ten minutes. 
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Observations during the pilot study found that the eight-minute time that was allocated 




to	the	design of the written guidance on the top of the instructional materials of the 
redundancy with guidance condition. The revised guidance instructed the participants to 
remove the redundant information during the first read of the instructional material, not 
second. The basis for this revision is that redundant information should be removed 
before attempting to study the instructional material. This offers more study time 
without redundant information and was anticipated to lead to more efficiency for the 
participants during the learning phase.  
 
	5.4	Experiment	2		
Experiment 2 was conducted for two purposes, firstly, to test the redundancy effect 
using the same instructional content used in Experiment 1, but with a larger cohort of 
Stage 3 students. A simplified training phase was implemented, with the aim that 
the training materials would be more motivating, with training for each condition 




water	cycle). A second purpose for Experiment 2 was to investigate whether the 
simplified training material along with the revised guidance for the redundancy with 
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guidance condition (informed by the further review of the materials by the CLT expert) 
would enhance learning.	
 
Experiment 2 had the same research question and similar hypotheses and exploratory 
questions to Experiment 1 but, as explained above in sections 5.2.3 and 5.3, included 
new training material, a revised guidance for the redundancy with guidance condition, a 
simplified cognitive load rating scale, measurement of cognitive load at multiple points 
and more participants. 
 
 The research question addressed in Experiment 2 was as follows: 
 
Does teaching students how to self-manage the redundancy effect, by manipulating 
paper-based materials, have a positive effect on learning? 
 
Four hypotheses and five exploratory questions that were similar to those of Experiment 
1 were investigated in Experiment 2:  
 
H1: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would outperform participants who study redundancy formatted instructional 
material (Redundancy condition) on performance measures, due to participants studying 
redundancy-free instructional material not having to process redundant information and 
therefore experiencing decreased extraneous cognitive load. 
 
H2: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would report lower mental effort than participants who study redundancy 
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formatted instructional material (Redundancy condition), due to decreased extraneous 
cognitive load. 
 
H3: The redundancy-free condition (redundancy-free instructional material) would have 
a higher instructional efficiency than the redundancy condition (redundancy formatted 
instructional material), due to higher performance and lower extraneous cognitive load. 
 
H4: As a result of the amendment to the guidance, participants who study redundancy 
with guidance formatted instructional material (Redundancy with guidance condition) 
would outperform participants who study redundancy formatted instructional material 
(Redundancy condition) on performance measures, due to the use of the guidance to 
remove redundant information. 
 
Two exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy instructional material:  
 
Exploratory question 1. What is the mental effort of participants who study redundancy 
with guidance formatted instructional material (Redundancy with guidance condition) 
compared to participants who study redundancy formatted instructional material 
(Redundancy condition)? 
 
Exploratory question 2. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy condition? 
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Three exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy-free instructional material: 
 
Exploratory question 3. What is the performance of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 4. What is the mental effort of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 5. What is the instructional efficiency of the redundancy with 




Forty-six participants took part in Experiment 2 as per returned signed consent forms 
from parents/caregivers. Participants were Stage 3 primary school students from three 
Year 5 classes and three Year 6 classes in two Illawarra public schools in New South 
Wales, Australia. Two schools were recruited in Experiment 2 with the aim of 
increasing student participation so as to attain a suitable sample size. These two schools 
were different to the school used in Experiment 1. Twenty students took part in the 
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experiment from the first school and 26 students took part from the second school. 
There were a total of 46 students (15 boys and 31 girls). Twenty-one students aged 10 
years to 11 years in Year 5 and 25 students aged 11 years to 12 years in Year 6. The 
experiment took 45 minutes and was conducted in small groups (three students per a 
session with the researcher) thus there were fifteen sessions of data collection, which 
were conducted over a six week period during Term 1(January - April) and Term 2 
(April – June) of the four-term school year in 2015. Similar to Experiment 1, students 
were tested in small groups to ensure control of experimental condition. The experiment 
was conducted either in a room near Stage 3 classrooms or the computer lab, subject to 
their availability on the days of data collection. These two rooms offered a quiet place 
to conduct the experiment. 
 
5.4.1.2	Materials	
The experimental materials were refined based on the results from the pilot and the 
expert review. These refinements included the following: 1) simplified new training 
material, which was understanding main parts of an iPad. 2) A revised guidance for the 
redundancy with guidance condition. 3) A simplified cognitive load rating scale, that is, 
a 5-point task difficulty scale with faces and descriptive text for the first and last points 
of the scale, but without numbers. 4) Cognitive load was measured at multiple points 
during the test phase after each group of questions from the same categories, that is, 
after recall, near-transfer and far-transfer test items, rather than one reported measure at 
the end of the test phase of Experiment 1. 5) Question 1 in the test-phase questions was 




As per Experiment 1, a training booklet was utilised to train participants on activities 
they were to complete in the learning and test phases (Phases 3 and 4) of the 
experiment. The booklet was almost identical to that used in the pilot (see Appendix H 
for the training booklet used in the pilot of Experiment 2), however, the only difference 
was in the training material of the redundancy with guidance condition. For Experiment 
2, the redundancy with guidance condition participants were asked to remove redundant 
information during the first time of reading the instructional material, see Figure 5.2 for 







As in Experiment 1, the instructional booklet included the materials utilised in 
identifying prior knowledge, learning and test phases (Phases 2-4) of the experiment. 
This booklet was almost identical to that used in the pilot (see Appendix I for the 
instructional booklet used in the pilot of Experiment 2) except for two changes. First, 
based on the expert further review of the material, as explained in section 5.3, the 
guidance provided on top of the instructional material of the redundancy with guidance 
condition was revised, see Figure 5.3 for the revised guidance. Second, based on the 
results of the pilot, the post-test Question 1 (a question assessing recall knowledge) was 
revised for clarity by replacing the word “Label” by the word “Name”. So, the question 
was as follows: “1. Name the seven processes involved in the water cycle”. 
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Participants were randomly assigned to one of the three instructional conditions: 
redundancy condition, redundancy-free and redundancy with guidance condition, using 
the same procedure used in Experiment 1. To ensure that all participants received the 
same information in accordance with each participant’s condition, the researcher read 
aloud a script that was identical to that used in the pilot study (see Appendix K for the 
script used in the pilot of Experiment 2) except for an amendment that was conducted to 
suit the slight revision to the guidance provided to redundancy with guidance condition. 
Similar to Experiment 1, students were tested in small groups (3 students per a session 
with the researcher) to ensure control of experimental condition. The same four phases 
used in Experiment 1 were implemented in Experiment 2 (see section 4.2.3 for detailed 
information on procedure), with only minor differences in some of the phases. For the 
training phase, the only difference was in the order training was provided, where first 
participants were trained on how to study their material then on how to use the cognitive 
load rating scale, as in the pilot study. Identifying prior knowledge phase was identical 
to Experiment 1. For the learning phase, the time to complete studying the material was 
increased to ten minutes. This time was determined based on the results of the pilot. 
Furthermore, for the test phase, the completion time of this phase was reduced to nine 
minutes as a result of the change to Question 1 of the test items, as described in the 
pilot. As in the pilot, immediately after completing each group of questions from the 
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same type (recall, near-transfer and far-transfer) during the test phase, participants rated 
the perceived difficulty of each group of questions on the task difficultly scales. 
 
5.4.2	Results	
As in Experiment 1, the results are presented by analysis of performance scores 
followed by mental effort and then analysis of instructional efficiency. For each of these 
measures (i.e., performance, mental effort and instructional efficiency) the results are 
presented according to the comparisons made between the different experimental 
conditions in the following order:  
• Redundancy-free condition compared to redundancy condition;  
• Redundancy with guidance condition compared to redundancy condition;  
• Redundancy with guidance condition compared to redundancy-free condition. 
	
5.4.2.1	Prior	knowledge	
An analysis of the mean and standard deviation conducted on the question that tested 
prior knowledge (N= 46) showed students had very limited prior knowledge, with M= 
1.70 (SD = 1.31) out of possible 14 marks. The highest score achieved was 5 marks 
(N=1) out of 14, the maximum score possible. The	results	from	the	prior	knowledge	
test	showed	that	all	participants	had	limited	prior	knowledge	as	 indicated	by	the	




One-way analysis of variance (ANOVA) was conducted on post-test performance 
scores in order to explore any differences between the three experimental conditions of 
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Experiment 2. The means and standard deviations are presented in Table 5.4. Cohen’s d 
was calculated to measure effect size, with the values of 0.20, 0.50 and 0.80 indicating 
small, medium and large effect sizes, respectively (Cohen, 1988).  
 
Table 5.4: Means and Standard Deviations (in parentheses) for test scores 
Condition Performance Measures 













5.50 (3.45) 1.94 (2.02) 1.06 (.85) 2.50 (2.00) 
Max. Score /19 /7 /5 /7 
 
 
The result from the homogeneity of variances test (Levene’s test) was not significant (p 
> 0.05) for total-test score. Therefore, the variances within conditions were considered 
to be homogeneous. Similar to Experiment 1, the performance scores showed that, on 
average, students did not perform very well, which indicates that the intrinsic load of 
the instructional material was high. A one-way ANOVA for total test scores showed no 
significant difference between the three conditions, F (2, 43) = .059, MSe = .625, p = 
.943.  
 
The Levene’s test for recall indicated that the variances within conditions were 
homogeneous (P > 0.05). The results from the one-way ANOVA for recall showed no 
significant differences between the conditions, F (2, 43) = .141, MSe = .473, p = .869. 
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Similar to recall results, the Levene’s test for near-transfer indicated that the variances 
within conditions were homogeneous (P > 0.05). The results from the one-way ANOVA 
for near-transfer showed no significant differences between the conditions, F (2, 43) = 
.212, MSe = .169, p = .810. The Levene’s test for far-transfer indicated that the 
variances within conditions were homogeneous (P > 0.05). The results of the one-way 
ANOVA for far-transfer showed no significant differences between the conditions, F (2, 
43) = .157, MSe = .521, p = .856. 
 
Hypothesis 1 stated that the redundancy-free condition would outperform the 
redundancy condition on performance measures; this hypothesis was not confirmed for 
total, recall, near- and far-transfer performance measures. Hypothesis 4 stated that the 
redundancy with guidance condition would outperform the redundancy condition on 
performance measures; the results showed that the redundancy with guidance condition 
did not outperform the redundancy condition for total, recall, near- and far-transfer 
performance measures, therefore, hypothesis 4 was not confirmed. Exploratory question 
3 asked the following: What is the performance of the redundancy with guidance 
condition compared to redundancy-free condition? The results showed that there was no 
statistically significant difference between the two conditions for total, recall, near and 
far across performance measures, which suggests the two conditions performed 
similarly. An overall discussion of the performance results can be found at the end of 
this chapter.  
 
5.4.2.3	Task	difficulty	ratings	
One-way analysis of variance (ANOVA) was conducted on task difficulty ratings for 
learning the instructional material (immediately after finishing the learning phase) and 
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for answering the post-test questions (at multiple points during the test phase: 
immediately after completing recall, near-transfer and far-transfer test items) to explore 
any differences between the three conditions in regard to task difficulty. The means and 
standard deviations are displayed in Table 5.5. 
 
Table 5.5: Means and Standard Deviations (in parentheses) for task difficulty ratings 
Condition Task Difficulty Ratings 
 Learning phase 
Test phase 

































The result from the homogeneity of variances test (Levene’s test) was not significant (p 
> 0.05) for the ratings of task difficulty for learning the instructional material. Thus, the 
variances within conditions were assumed to be homogeneous.  A one-way analysis of 
variance ANOVA for task difficulty ratings for learning the instructional material 
indicated no significant difference between the three conditions, F (2, 43) = .278, MSe 




The Levene tests yielded non-significant values (p > 0.05) for the ratings of task 
difficulty for answering the post-test questions: recall, near-transfer and far-transfer. 
Thus, the variances within conditions were assumed to be homogeneous. A one-way 
ANOVA for task difficulty ratings for answering the recall question demonstrated a 
non-significant effect between conditions, F (2, 43) = .452, MSe = .483, p = .639. A 
one-way ANOVA for task difficulty ratings for answering the near-transfer questions 
revealed a non-significant effect between conditions, F (2, 43) = 1.534, MSe = 1.619, p 
= .227. A one-way ANOVA for task difficulty ratings for answering the far-transfer 
questions showed a close to significant, however non-significant, effect between 
conditions, F (2, 43) = 2.832, MSe = 2.466, p = .070.  
 
Hypothesis 2 stated that the redundancy-free condition would demonstrate lower mental 
effort than the redundancy condition. This hypothesis was not confirmed, as there was 
no statistically significant difference obtained between the two conditions for task 
difficulty ratings for both the learning phase and test phase including recall, near and far 
transfer ratings of task difficulty. Exploratory question 1 was as follows: What is the 
mental effort of the redundancy with guidance condition compared to redundancy 
condition? The results showed that there was no statistically significant difference 
between the two conditions in mental effort for both the learning phase and test phase 
for recall, near and far transfer test items. Exploratory question 4 was as follows: What 
is the mental effort of the redundancy with guidance condition compared to 
redundancy-free condition? The results showed that there was no statistically significant 
difference between the two conditions in mental effort for both the learning and test 
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phase for recall, near transfer and far transfer. An overall discussion of the mental effort 
ratings for learning and test phase will be presented at end of this chapter. 
 
5.4.2.4	Instructional	efficiency	
A one-way analysis of variance was conducted on efficiency ratings. Means and 
standard deviations for efficiency ratings for recall, near-transfer and far-transfer are 
presented in Table 5.6.  
 
Table 5.6: Means and Standard Deviations (in parentheses) for efficiency 
 
                       Recall                Near-transfer           Far-transfer 
 
1. Redundancy (n= 15)                  -.07 (1.39)              .04 (1.32)                 .77 (1.83) 
       
2. Redundancy- free (n=15)            .13 (1.34)              .02 (1.35)               1.15 (2.25) 
 
3. Redundancy  
with guidance (n=16)                     -.06 (1.77)             -.52 (1.47)               1.15 (2.20) 
 
 
The Levene’s tests for efficiency ratings for recall, near- and far-transfer showed that 
the variances within conditions were homogeneous (P > 0.05). One-way ANOVAs on 
the efficiency ratings for recall, near-transfer and far-transfer did not yield any 
statistically significant difference between the conditions. The efficiency ratings for 
recall showed no statistical difference between the conditions, F (2, 43)  = .078, MSe 
.180, p  = .925. In addition, the near-transfer results did not reveal any statistical 
difference between the conditions, F (2, 43) = .822, MSe 1.568, p = .446. The findings 
further showed that the efficiency rating for far-transfer did not yield any statistical 
difference between the conditions, F (2, 43) = .164, MSe = .727, p = 849. 
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5.4.2.5	Condition	efficiency	graphical	representation	
For better understanding and interpretation of the results of instructional efficiency, the 
performance and mental effort means of the standardized scores were plotted in a 
coordinate system as dots representing the instructional condition for recall, near-
transfer and far transfer (see Figures 5.4, 5.5 and 5.6, respectively). 
 
 
Figure 5.4: Condition efficiency (E) representation for recall for redundancy condition, 



























Figure 5.5: Condition efficiency (E) representation for near-transfer for redundancy 
condition, redundancy-free condition and redundancy with guidance condition  
 
Figure 5.6: Condition efficiency (E) representation for far-transfer for redundancy 
condition, redundancy-free condition and redundancy with guidance condition 
 
Instructional efficiency (E) is then determined by the perpendicular distance from each 
of the dots to the diagonal P = M line. As explained in Chapter 2, a high instructional 
efficiency occurs with a high performance score combined with low mental effort. This 














































combination of a low performance score and high mental effort. This is at the bottom 
right of coordinate system. Examining the efficiency graphs for recall, near- and far-
transfer, as shown in Figures 5.4, 5.5 and 5.6, respectively, showed that the redundancy-
free is above the P = M line for recall compared to the redundancy condition; while the 
redundancy and redundancy-free condition are both above the line for far-transfer, the 
redundancy-free demonstrates higher efficiency. Further, the redundancy-free is above 
the P = M line on the efficiency graphs for recall and near-transfer compared to the 
redundancy with guidance condition; while the two conditions are above the line on the 
efficiency graph for far-transfer, the redundancy-free condition is more efficient than 
the redundancy with guidance condition. The results demonstrate that the redundancy-
free condition had the highest efficiency. 
Hypothesis 3 stated that the redundancy-free condition would result in higher 
instructional efficiency than the redundancy condition. The results showed there was no 
statistically significant difference in instructional efficiency between the two conditions 
for recall, near-transfer and far-transfer items, thus hypothesis 3 was not confirmed. 
Exploratory question 2 was as follows: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy condition? The redundancy with 
guidance condition did not significantly differ from the redundancy condition in 
instructional efficiency for recall, near-transfer and far-transfer. Exploratory question 5 
was as follows: What is the instructional efficiency of the redundancy with guidance 
compared to redundancy-free condition? The results showed that the two conditions did 
not significantly differ in instructional efficiency ratings for recall, near-transfer and far 
transfer. An overall discussion of the instructional efficiency results is presented at the 




Compliance referred to utilisation of the self-management guidance by the participants 
allocated to the redundancy with guidance condition. Participants allocated to this 
condition were checked for their usage of the written guidance provided at the top of the 
page of their instructional material for the removal of the redundant information to self-
mange cognitive load. Participants were deemed compliant if they removed all the 
seven redundant text boxes. As in Experiment 1, checking of the compliance showed 
that the participants of the redundancy with guidance condition were 100% compliant 
with the guidance (16/16). All the sixteen participants removed the seven redundant text 
boxes and placed them in the space provided on their instructional material.  
 
5.5	Discussion	
Experiment 2 was conducted for two main purposes, similar to experiment 1. First, to 
test the redundancy effect using the same instructional content but with a larger cohort 
of Stage 3 students. Additionally, Experiment 2 had a simplified training phase, which 
aimed to support students learning. The training phase was made easier by reducing 
the complexity of content. Participants were trained on how to study their instructional 
materials using a diagram on understanding main parts of an iPad, with the aim that 
the training materials would be more motivating, with less element interactivity training 
content to support learning in the learning phase. A second purpose for Experiment 2 
was to investigate whether the simplified training material along with the revised 






Experiment 2 had a total of four hypotheses and five exploratory questions. As in 
experiment 1, these hypotheses and exploratory questions investigated the differences 
between the experimental conditions in terms of performance, mental effort and 
instructional efficiency. A summary of results for each of the hypotheses is shown in 
Table 5.7. A summary of results for each of the exploratory questions is then follows. 
 
Table 5.7: Summary of results for the four hypotheses  
Hypotheses Result 
Focus: Performance 
H1. Redundancy-free > Redundancy Not confirmed 
H4. Redundancy with guidance > 
Redundancy 
Not confirmed 
Focus: Mental Effort 
H2. Redundancy-free < Redundancy Not confirmed 
Focus: Instructional Efficiency 
H3. Redundancy-free > Redundancy Not confirmed 
 
The five exploratory questions results were as follows. In terms of performance, 
exploratory question 3 asked the following: What is the performance of the redundancy 
with guidance condition compared to redundancy-free condition? The results showed 
that there was no statistically significant difference between the two conditions across 
performance measures, total, recall, near and far. In terms of mental effort, exploratory 
question 1 asked the following: What is the mental effort of the redundancy with 
guidance condition compared to redundancy condition? The two conditions showed 
similar mental effort for both the learning and test phase including recall, near- and far-
transfer, there was no statistical significant difference between the two conditions. 
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Exploratory question 4 asked the following: What is the mental effort of the redundancy 
with guidance condition compared to redundancy-free condition? There was no 
statistically significant difference between the two conditions in mental effort for both 
the learning and test phase for recall, near transfer and far transfer. In terms of 
instructional efficiency, exploratory question 2 asked the following: What is the 
instructional efficiency of the redundancy with guidance compared to redundancy 
condition? The redundancy with guidance condition did not significantly differ from the 
redundancy condition in instructional efficiency for recall, near-transfer and far-transfer. 
Exploratory question 5 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy-free condition? The results revealed 
that the two conditions did not significantly differ in instructional efficiency ratings for 
recall, near-transfer and far transfer. The following sections provide discussions on the 
results to elaborate on the comparisons made between the different conditions. 
 
5.5.2	Summary	of	results	for	Redundancy-free	vs	Redundancy		
Hypotheses 1, 2 and 3 investigated the difference between the redundancy-free 
condition compared to the redundancy condition. Hypothesis 1 stated that the 
redundancy-free condition would outperform the redundancy condition on performance 
measures, due to decreased extraneous cognitive load. This hypothesis was not 
confirmed, as there was no significant difference between the redundancy-free and 
redundancy condition on any of the post-test performance scores, total, recall, near-
transfer and far-transfer scores. The total-test scores across the three conditions were 
very similar. The two conditions showed similar means for total, recall near- and far-
transfer, with small effect sizes obtained, d = 0.11, d = 0.04, d = 0.08 and d = 0.12, 
respectively. 
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Hypothesis 2 stated that the redundancy-free condition would show lower mental effort 
than the redundancy condition, due to decreased extraneous cognitive load. This 
hypothesis was not confirmed, as there was no statistically significant difference 
obtained between the redundancy-free and redundancy condition for task difficulty 
ratings for both the learning phase and test phase including recall, near and far transfer. 
The two conditions showed similar means for task difficulty ratings for the learning 
phase, with a nil effect size obtained, d = 0.00. The results for task difficulty ratings for 
the test phase showed that the redundancy condition had the highest mental effort for 
far-transfer. The redundancy-free condition had a lower mean mental effort than the 
redundancy condition for recall, near-transfer and far-transfer, with small effect sizes 
obtained for recall and near transfer, d = 0.34, d = 0.07, respectively; however, a large 
effect size was obtained for far-transfer, d = 0.83, suggesting the redundancy-free 
formatted instructional material was more efficient than the redundancy formatted 
material.   
 
Hypothesis 3 stated that the redundancy-free condition would result in higher 
instructional efficiency than the redundancy condition due to higher performance and 
lower extraneous cognitive load. This hypothesis was not confirmed, the two conditions 
showed similar efficiency means for near-transfer, with a small effect size obtained, d = 
0.01. However, the redundancy-free condition showed higher efficiency means for 
recall and far-transfer than the redundancy condition, with small effect sizes obtained, d 
= 0.15 and d = 0.19, respectively. Additionally, the redundancy-free condition was 
above the diagonal line on the efficiency graph for recall; while the redundancy and 
redundancy-free condition were both above the line for far-transfer, the redundancy-free 
was more efficient.  
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5.5.3	Summary	of	results	for	Redundancy	with	guidance	vs	Redundancy	
Hypothesis 4 and exploratory questions 1 and 2 investigated the difference between the 
redundancy with guidance condition compared to the redundancy condition. Hypothesis 
4 stated that the redundancy with guidance condition would outperform the redundancy 
condition on performance measures, due to the use of the guidance to remove redundant 
information. This hypothesis was not confirmed, as there was no significant difference 
between the redundancy with guidance condition and the redundancy condition for 
total, recall, near- and far-transfer performance measures. The two conditions showed 
similar means for total, recall, near-transfer and far-transfer, with small effect sizes 
obtained, d = 0.12, d = 0.17, d = 0.25 and d = 0.10, respectively.  
 
Exploratory question 1 asked the following: What is the mental effort of the redundancy 
with guidance condition compared to redundancy condition? There was no significant 
difference between the two conditions in mental effort for both the learning and test 
phase. While there was no significant difference between the two conditions, the results 
showed that the redundancy with guidance had a mean lower mental effort for the 
learning phase than the redundancy condition, with a small effect size obtained, d = 
0.21. Similarly, for the mental effort for the test phase, the redundancy with guidance 
had lower mental effort means for recall and far-transfer than the redundancy condition, 
with small effect sizes obtained, d = 0.26 and d = 0.36, respectively.  
 
Exploratory question 2 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy condition? The results showed that 
the redundancy with guidance condition did not significantly differ from the redundancy 
condition in regards to instructional efficiency. The two conditions showed similar 
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recall efficiency means, with a nil effect size obtained d = 0.00. The redundancy with 
guidance showed a lower efficiency mean for near-transfer than the redundancy 
condition, with a small effect size obtained, d = 0.40. This result is attributed to mental 
effort results, as although not statistically significant, the redundancy with guidance 
condition showed a higher mean mental effort for the test phase for near-transfer than 
the redundancy condition. However, the redundancy with guidance showed a higher 
efficiency mean for far-transfer than the redundancy condition, with a small effect size 
obtained, d = 0.19. Also, while both conditions were above the diagonal line on the 
efficiency graph for far-transfer, the redundancy with guidance condition demonstrated 
higher efficiency than the redundancy condition.  
 
5.5.4	Summary	of	results	for	Redundancy	with	guidance	vs	Redundancy-free	
Exploratory questions 3, 4 and 5 investigated the difference between the redundancy 
with guidance condition compared to the redundancy-free condition. Exploratory 
questions 3 asked the following: What is the performance of the redundancy with 
guidance condition compared to redundancy-free condition? The results showed that 
there was no significant difference between the two conditions in the post-test 
performance scores: total, recall, near-transfer and far-transfer scores, with small effect 
sizes, d = 0.01, d = 0.14, d = 0.15 and d = 0.19, respectively, which suggests the two 
conditions performed similarly.  
 
Exploratory question 4 asked the following: What is the mental effort of the redundancy 
with guidance condition compared to redundancy-free condition? The results showed 
that there was no significant difference between the two conditions in mental effort for 
both the learning and test phase. While there was no significant difference between the 
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two conditions, the redundancy with guidance had a lower mental effort for learning 
than redundancy-free condition, with a small effect size obtained, d = 0.24. However, 
for the test phase, the redundancy with guidance condition had a higher mental effort for 
recall, near-transfer and far-transfer, with a small, d = 0.06 and medium effect sizes, d = 
0.63, d = 0.50, respectively.  
 
Exploratory question 5 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy-free condition? The results showed 
that the two conditions did not significantly differ in instructional efficiency for recall, 
near-transfer and far-transfer. The redundancy with guidance condition showed a 
similar efficiency mean for far-transfer to the redundancy-free condition, and a nil effect 
size obtained, d = 0.00. The redundancy-free showed higher efficiency means for recall 
and near-transfer than the redundancy with guidance condition, with small effect sizes 
obtained, d = 0.12 and d = 0.38, respectively. Additionally, the redundancy-free was 
above the diagonal line on the efficiency graphs for recall and near-transfer; while the 
two conditions were above the line on the efficiency graph for far-transfer, the 




There were three key results from Experiment 2. The total-test performance scores 
across the three conditions were very similar and the three conditions did not 
significantly differ in any of the performance measures, total, recall, near or far transfer. 
However, the redundancy with guidance condition performed the highest in far-transfer, 
with small effect sizes obtained, d = 0.10, d = 0.19 between the redundancy with 
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guidance and redundancy condition and between the redundancy with guidance and 
redundancy-free condition, respectively. Additionally, the results for task difficulty 
ratings for the test phase showed that the redundancy condition had the highest mental 
effort for far-transfer, with a large effect size obtained between the redundancy-free and 
redundancy condition, d = 0.83 and a small effect size obtained between the redundancy 
with guidance and redundancy condition, d = 0.36. The results show that the 
redundancy condition found the far-transfer questions harder than both the redundancy-
free and redundancy with guidance condition, showing support for the redundancy 
effect and the self-management of redundancy. Moreover, as in Experiment 1, the 
results suggested that the redundancy with guidance performed similar to the 
redundancy-free condition as there was no statistically significant difference obtained 
between the two conditions across all performance measures, with small effect sizes 
obtained. In terms of instructional efficiency, the results showed that, although not at a 
statistical significant level, the redundancy-free condition had higher efficiency means 
for recall and far-transfer than the redundancy condition, with small effect sizes 
obtained, d = 0.15 and d = 0.19, respectively, and was above the diagonal line on the 
efficiency graphs for recall and far-transfer. While the redundancy condition was also 
above the line for far-transfer, the redundancy-free demonstrated higher efficiency. In 
relation to the redundancy with guidance and redundancy condition, although the two 
conditions did not differ significantly in efficiency, the redundancy with guidance 
showed a higher efficiency mean for far-transfer than the redundancy condition, with a 
small effect size obtained, d = 0.19. While both conditions were above the diagonal line 
on the efficiency graph for far-transfer, the redundancy with guidance demonstrated 
higher efficiency than the redundancy condition. Finally, in relation to the instructional 
efficiency of the redundancy with guidance compared to redundancy-free condition, the 
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redundancy-free showed higher efficiency means for recall and near-transfer than the 
redundancy with guidance condition, with small effect sizes obtained, d = 0.12 and d = 
0.38, respectively. Additionally, the redundancy-free was above the diagonal line on the 
efficiency graphs for recall and near-transfer; while both conditions were above the line 
on the efficiency graph for far-transfer, the redundancy-free condition demonstrated 
higher efficiency than the redundancy with guidance condition. The results for 
instructional efficiency generally demonstrate that the redundancy-free condition had 
the highest efficiency and thus provide support that the redundancy-free is the optimal 
condition.  
 
The main proposition for what could have affected the results is the small sample size 
utilized for the experiment, where the sample still may not have been sufficient to 
produce differences between the conditions. As stated previously according to Gall et 
al. (2007), a minimum total sample size recommended for ANOVA tests of 3 groups 
with an alpha of .05 and a medium size effect (.5) is 81 participants, while this 
experiment had a total of 46 participants.  
 
5.6	Refinements	for	Experiment	3	
Experiment 3 aimed to utilise the same materials and procedures of Experiment 2 to 
replicate the experiment with another cohort of Stage 3 students and look for a larger 
sample of participants. However, Experiment 3 had an additional component, a delayed 






Experiment 3 participants were another cohort of students from two primary schools 
different to those of Experiment 1 and 2. As in Experiments 1 and 2, approval to 
conduct Experiment 3 was received from the Human Research Ethics Committee at the 
University of Wollongong. Information sheets along with consent forms were sent to 
parents/caregivers. Every participant’s parents/caregivers signed a consent form. 
Experiment 3 consisted of two parts: Part 1 sought to test the redundancy effect and 
investigated whether the guidance provided to redundancy with guidance condition 
participants assisted them to self-manage the redundancy effect. Part 1 of Experiment 3 
used the same materials and procedures of Experiment 2, but participants were Stage 3 
(Years 5 and 6) primary students from two different schools than used in Experiment 2 
to replicate the experiment with another cohort of students and look for a larger sample 
of participants.   
 
Part 2 of Experiment 3 comprised a delayed task that aimed at testing students’ 
retention of the information learned by providing them with a new set of test questions 
related to the instructional materials they learned in Part 1. Part 2 was conducted with 
the same students who participated in Part 1 one week after they had completed Part 1 
of the experiment. The results of Experiment 2 did not support any of its hypotheses, 
including that redundancy with guidance condition would outperform redundancy 
condition. However, Part 2 of Experiment 3 sought to explore whether the use of the 
guidance provided to the redundancy with guidance condition would result in better 
retention of the information learned than the redundancy condition. This was 
hypothesised due to redundancy with guidance condition participants experiencing 
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decreased cognitive load and potentially increased germane load as a result of self-
managing redundancy. Experiment 3, Part 2 thus tested an additional hypothesis.  
Experiment 3 examined two research questions: Part 1 of Experiment 3 examined the 
same research question that was tested in Experiments 1 and 2:  
 
Does teaching students how to self-manage the redundancy effect, by manipulating 
paper-based materials, have a positive effect on learning? 
  
Part 2 of the experiment examined an additional research question:   
 
Do students who are taught how to self-manage the redundancy effect have better 
retention of the information learned than students who are not taught how to self-
manage the redundancy effect? 
 
Five hypotheses and five exploratory questions were investigated in Experiment 3: Part 
1 of Experiment 3 tested four hypotheses and five exploratory questions, which were 
similar to those of Experiments 1 and 2: 
 
H1: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would outperform participants who study redundancy formatted instructional 
material (Redundancy condition) on performance measures, due to participants studying 
redundancy-free instructional material not having to process redundant information and 
therefore experiencing decreased extraneous cognitive load. 
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H2: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would report lower mental effort than participants who study redundancy 
formatted instructional material (Redundancy condition), due to decreased extraneous 
cognitive load. 
H3: The redundancy-free condition (redundancy-free instructional material) would have 
a higher instructional efficiency than the redundancy condition (redundancy formatted 
instructional material), due to higher performance and lower extraneous cognitive load. 
 
H4: Participants who study redundancy with guidance formatted instructional material 
(Redundancy with guidance condition) would outperform participants who study 
redundancy formatted instructional material (Redundancy condition) on performance 
measures, due to the use of the guidance to remove redundant information. 
 
Two exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy instructional material:  
Exploratory question 1. What is the mental effort of participants who study redundancy 
with guidance formatted instructional material (Redundancy with guidance condition) 
compared to participants who study redundancy formatted instructional material 
(Redundancy condition)? 
 
Exploratory question 2. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy condition? 
 
Three exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy-free instructional material: 
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Exploratory question 3. What is the performance of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 4. What is the mental effort of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
  
Exploratory question 5. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy-free condition? 
  
Part 2 of Experiment 3 tested an additional hypothesis that:  
 
H5: Participants who study redundancy formatted instructional material with guidance 
(Redundancy with guidance condition) would outperform participants who study 
redundancy instructional material (Redundancy condition) on a delayed task, due to the 
guidance provided decreasing extraneous load and potentially enhancing germane load.  
 
6.2	Participants	and	design	
A total of fifty-four participants took part in Experiment 3 as per returned signed 
consent forms from parents/caregivers. Participants were Stage 3 primary school 
students from two Year 5 classes and two Year 6 classes in one public school and one 
independent school in the Illawarra region in New South Wales, Australia. As in 
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Experiment 2, two schools were recruited in Experiment 3 with the aim of increasing 
student participation so as to attain a suitable sample size. As mentioned above, the 
schools in Experiment 3 were different to schools used in Experiments 1 and 2. Twenty-
six students took part in the experiment from the first school and 28 students took part 
from the second school. There were a total of 54 students (24 boys and 30 girls). 
Twenty-three students aged 10 years to 11 years in Year 5 and 31 students aged 10 
years to 12 years in Year 6. The experiment lasted for 45 minutes and was conducted in 
small groups (three students per a session with the researcher) thus there were eighteen 
sessions of data collection, which were conducted over a six week period during Term 1 
(January - April) and Term 3 (July - September) of the four-term school year in 2016. 
Part 2 of Experiment 3 comprised a delayed task which was conducted 7 days after 
participants had completed Part 1 of the experiment. Similar to Experiments 1 and 2, 
small group testing was utilised to ensure control of experimental conditions. The 
experiment was conducted either in the school hall or the school library, dependent on 
their availability on the days of data collection. Both locations provided a quiet place to 
conduct the experiment.  
 
6.3	Materials		
The materials used for Experiment 3, part 1 were the same materials that were utilised 
in Experiment 2. These comprised the same two single-sided A4-sized booklets that 
were used in Experiment 2. As in Experiments 1 and 2, the training booklet included the 
materials used to train participants on different activities of the experiment and the 
instructional booklet included the materials used in identifying prior knowledge, 
learning and test phases (Phases 2-4) of the experiment (see sections 5.2.1.2 and 5.3.1.2 
for details on the materials of Experiment 3, Part 1). 
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For Part 2 of Experiment 3, participants were given a set of four test questions, which 
was a modified, shorter version of the test questions provided to participants in the test 
phase of Part 1 of Experiment 3. These questions were presented in a single-sided A4-
sized booklet containing three pages (see Appendix M for the content of the booklet 
used for Part 2 of Experiment 3). The first page of the booklet was a cover page titled 
“Delayed Task Phase (Experiment 3, Part 2)” and had a rectangular box that contained 
participant number. The other two pages of the booklet contained a series of test 
questions related to the topic of the instructional material which was presented to the 
participants in Part 1 of Experiment 3 (see Appendix M). The test questions were 
similar to the questions provided to the participants in Part 1 of Experiment 3, they were 
either recall, near- or far-transfer questions, but there were only four questions and they 
only totalled 12 marks. Instructions on what students were required to do were provided 
on top of each of the two pages and were similar to those provided in the test phase of 
Part 1 of Experiment 3. Questions number 1 (which assessed recall knowledge) and 2 
(which assessed near-transfer knowledge), were identical to questions number 1 and 2 
in the test phase of Part 1 of Experiment 3. However, questions number 3 and 4 were 
different to their corresponding questions (questions number 3 and 5 respectively) in the 
test phase of Experiment 3, part 1. Question number 3 assessed near-transfer, as in 
question number 3 in Part 1, Experiment 3, but it asked about the name of a different 
process of the water cycle. Question number 4 assessed far-transfer and was relating to 
the process of condensation, similar to question number 5 in Part 1, Experiment 3, but 




Again, participants were randomly allocated to one of the three instructional conditions 
- redundancy condition, redundancy-free and redundancy with guidance condition – that 
were used in Experiments 1 and 2. For Experiment 3, Part 1, the researcher read aloud a 
script, which was identical to that used in Experiment 2, to make sure that all 
participants received the same information in accordance with each participant’s 
condition (see Appendix J for the script used in Experiment 3, Part 1). Participants were 
tested in small groups (3 students per a session with the researcher), as in Experiments 1 
and 2. Participants received the same training booklet and instructional booklet that 
were utilised in Experiment 2 (see sections 5.2.1.2 and 5.3.1.2 for details on the 
materials of Experiment 3, Part 1). The procedure followed to conduct Experiment 3, 
Part 1 was identical to Experiment 2 (see section 5.3.1.3 for detailed information on 
procedure). The same four phases used in Experiment 2 were implemented in 
experiment 3, Part 1. 
 
Experiment 3, Part 2 was conducted one week after the students had completed Part 1 of 
Experiment 3. There were no cognitive load ratings included in Part 2 of the experiment 
as the aim of this part was to check students’ retention of the information learned in Part 
1 of the experiment. All the participants who had participated in Experiment 3, Part 1 
took part in Part 2 of the experiment except one student who was absent on the day of 
data collection. Participants were tested in a whole-class setting over four 15-minute 
sessions, with the participants from each of the four classes tested together. A total of 
fifty-three participants, regardless of their experimental condition, were provided with 
the single-sided A4-sized booklet that contained the four test questions for Part 2 (see 
Appendix M). The time for completing this test was five minutes. This time was 
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allocated based on the time allocated to answering the questions of the test phase of Part 
1 of Experiment 3. Each of the four questions of this test was allocated the same time 
that was allocated to its corresponding question in the test phase of Part 1 of Experiment 
3. As in Experiments 1, 2 and 3, Part 1, the test was assessed objectively against a 
marking criterion. A similar marking criterion to that used for Experiments 2 and 3, Part 
1 was applied for marking the delayed task (see Appendix G for the marking criterion 
applied in Experiment 3, Part 2). 
 
6.5	Results:	Experiment	3,	Part	1	
As in Experiments 1 and 2, the results of Experiment 3, Part 1 are presented by analysis 
of performance scores followed by mental effort and then analysis of instructional 
efficiency. For each of these measures (i.e., performance, mental effort and instructional 
efficiency) the results are presented according to the comparisons made between the 
different experimental conditions in the following order:  
• Redundancy-free condition compared to redundancy condition;  
• Redundancy with guidance condition compared to redundancy condition;  
• Redundancy with guidance condition compared to redundancy-free condition. 
 
6.5.1	Prior	knowledge	
An analysis of the mean and standard deviation conducted on the question that tested 
prior knowledge (N = 54) showed students had very limited prior knowledge, with M = 
2.35 (SD = 1.18) out of possible 14 marks. The highest score achieved was 5 marks (N 
= 3) out of 14, the maximum score possible. The results from the prior knowledge test 
showed that all participants had limited prior knowledge as indicated by the low mean, 
thus data obtained from all participants were qualified to be included in the analysis. 
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6.5.2	Post-test	performance	scores	
One-way analysis of variance (ANOVA) was conducted on post-test performance 
scores in order to explore any differences between the three experimental conditions of 
Experiment 3, Part 1. The means and standard deviations are presented in Table 6.1. 
Cohen’s d was calculated to measure effect size, with the values of 0.20, 0.50 and 0.80 
indicating small, medium and large effect sizes, respectively (Cohen, 1988).  
 
Table 6.1: Means and Standard Deviations (in parentheses) for test scores 
Condition Performance Measures 













8.28 (3.18) 3.17 (1.69) 1.89 (.96) 3.22 (2.02) 
Max. Score /19 /7 /5 /7 
 
The result from the homogeneity of variances test (Levene’s test) was not significant (p 
> 0.05) for total-test score. Therefore, the variances within conditions were considered 
to be homogeneous. The performance scores showed that, on average, students did not 
perform very well, which shows that the intrinsic load of the instructional material was 
high. The one-way ANOVA for total-test scores showed no significant differences 
between the three conditions, F (2, 51) = .551, MSe = 8.167, p = .580.  
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The Levene’s test for recall indicated that the variances within conditions were 
homogeneous (P > 0.05). The results from the one-way ANOVA for recall showed no 
significant differences between the conditions, F (2, 51) = .210, MSe = .889, p = .811. 
The Levene’s test for near-transfer showed that the variances within conditions were 
homogeneous (P > 0.05). The results from the one-way ANOVA for near-transfer 
showed no significant differences between the conditions, F (2, 51) = .330, MSe = .389, 
p = .720. The Levene’s test for far-transfer indicated that the variances within 
conditions were homogeneous (P > 0.05). Similar to recall and near-transfer results, the 
results of the one-way ANOVA for far-transfer showed no significant differences 
between the conditions, F (2, 51) = .934, MSe = 3.556, p = .400.  
 
Hypothesis 1 stated that the redundancy-free condition would outperform the 
redundancy condition on performance measures; this hypothesis was not confirmed for 
total, recall, near- and far-transfer performance measures. Hypothesis 4 stated that the 
redundancy with guidance condition would outperform the redundancy condition on 
performance measures; the results showed that the redundancy with guidance condition 
did not outperform the redundancy condition for total, recall, near- and far-transfer 
performance measures, therefore, hypothesis 4 was not confirmed. Exploratory question 
3 asked the following: What is the performance of the redundancy with guidance 
condition compared to redundancy-free condition? The results showed that there was no 
statistically significant difference between the two conditions for total, recall, near and 
far across performance measures. An overall discussion of the performance results can 




One-way analysis of variance (ANOVA) was conducted on task difficulty ratings for 
learning the instructional material (immediately after finishing the learning phase) and 
for answering the post-test questions (immediately after completing each group of 
questions: recall, near-transfer and far-transfer in the post-test phase) to explore any 
differences between the three conditions in regards to task difficulty. The means and 
standard deviations are displayed in Table 6.2. 
 
Table 6.2: Means and Standard Deviations (in parentheses) for task difficulty ratings 
Condition Task Difficulty Ratings 
 Learning phase 
Test phase 
































The result from the homogeneity of variances test (Levene’s test) was not significant (p 
> 0.05) for the ratings of task difficulty for learning the instructional material. Thus, the 
variances within conditions were assumed to be homogeneous. A one-way analysis of 
variance ANOVA for task difficulty ratings for learning the instructional material 
	 171	
indicated no significant difference between the three conditions, F (2, 51) = 2.032, MSe 
= .963, p = .142.  
 
6.5.3.2	Task	difficulty	rating:	Test	phase	
The Levene test yielded a non-significant value (p > 0.05) for the ratings of task 
difficulty for answering the post-test questions: recall, near-transfer and far-transfer. 
Thus, the variances within conditions were assumed to be homogeneous. A one-way 
ANOVA for task difficulty ratings for answering the recall question showed a 
significant effect between conditions, F (2, 51) = 3.728, MSe = 4.167, p = .031. Post 
hoc comparisons using Tukey contrasts indicated that the redundancy-free condition 
demonstrated a lower mental effort than the redundancy condition at a statistically 
significant level, p = .056. There was no statistical significant difference between the 
redundancy with guidance condition and redundancy condition. The redundancy with 
guidance condition showed a higher mental effort for answering the recall test question 
than redundancy-free condition at a statistically significant level, p = .056. A one-way 
ANOVA for task difficulty ratings for answering the near-transfer questions revealed a 
non-significant effect between conditions, F (2, 51) = .754, MSe = 1.056, p = .476. 
Similarly, a one-way ANOVA for task difficulty ratings for answering the far-transfer 
questions showed a non-significant effect between conditions, F (2, 51) = 1.114, MSe = 
1.352, p = .336.  
 
Hypothesis 2 stated that the redundancy-free condition would demonstrate lower mental 
effort than the redundancy condition. This hypothesis was partially confirmed, as the 
statistically significant difference between the two conditions was obtained for mental 
effort ratings for answering the recall test question in the test phase. There was no 
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significant difference for mental effort for answering the near- and far-transfer 
questions. Also, there was no statistical significant difference for mental effort ratings 
for the learning phase. Exploratory question 1 asked the following: What is the mental 
effort of the redundancy with guidance condition compared to redundancy condition? 
The answer to this exploratory question was that there was no statistically significant 
difference between the two conditions in mental effort for both the learning and test 
phases. Exploratory question 4 asked the following: What is the mental effort of the 
redundancy with guidance condition compared to redundancy-free condition? The 
answer to this exploratory question was that the redundancy with guidance condition 
demonstrated significantly higher mental effort than the redundancy-free for answering 
the recall test question. There was no significant difference for mental effort for 
answering the near- and far-transfer questions. Also, there was no significant difference 
found between the two conditions for mental effort ratings for the learning phase. An 
overall discussion of the mental effort ratings for learning and test phase will be 
presented at end of this chapter. 
 
6.5.4	Instructional	efficiency	
A one-way analysis of variance was conducted on efficiency ratings for recall, near-








Table 6.3: Means and Standard Deviations (in parentheses) for efficiency 
 
                    Recall               Near-transfer              Far-transfer 
 
1. Redundancy (n= 18)               -.29 (1.65)              -.12 (1.48)                 -.43 (1.45) 
       
2. Redundancy-free (n=18)         .46 (1.60)                .06 (1.59)                  .12 (1.44) 
 
3. Redundancy                           -.18 (1.26)                .06 (1.03)                   .31(1.07) 




The levene’s tests for efficiency ratings for recall, near- and far-transfer showed that the 
variances within conditions were homogeneous (P > 0.05). One-way ANOVAs on the 
efficiency ratings for recall, near transfer and far transfer did not yield any statistically 
significant difference between the conditions. The efficiency rating for recall showed no 
statistical difference between the conditions, F (2, 51) = 1.281, MSe  = 2.954, p = .287. 
The results also showed that the efficiency rating for near-transfer did not reveal any 
statistically significant difference between the conditions, F (2, 51) = .099, MSe = .190, 
p = .906. The results further showed that the far-transfer efficiency rating did not yield 
any statistically significant difference between the conditions, F (2, 51) = 1.502, MSe = 
2.658, p = .232.  
 
6.5.5	Condition	efficiency	graphical	representation	
For better understanding and interpretation of the results of instructional efficiency, the 
performance and mental effort means of the standardized scores were plotted in a 
coordinate system as dots representing the instructional condition for recall, near-
transfer and far transfer (see Figures 6.1, 6.2 and 6.3, respectively). 
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 Figure 6.1: Condition efficiency (E) representation for recall for redundancy condition, 
redundancy-free condition and redundancy with guidance condition  
 
 
Figure 6.2: Condition efficiency (E) representation for near-transfer for redundancy 




















































Figure 6.3: Condition efficiency (E) representation for far-transfer for redundancy 
condition, redundancy-free condition and redundancy with guidance condition 
 
Checking the efficiency graphs for recall, near- and far-transfer, as shown in Figures 
6.1, 6.2 and 6.3, respectively, showed that the redundancy-free is above the P = M line 
for recall, near-transfer and far-transfer, while the redundancy condition is below the P 
= M line for recall, near-transfer and far-transfer demonstrating a higher efficiency for 
the redundancy-free. Both the redundancy with guidance condition and the redundancy 
condition are below the P = M line for recall and near-transfer, however, the 
redundancy with guidance is more efficient than the redundancy condition for both 
recall and near transfer. For far-transfer, the redundancy with guidance condition is 
above the P = M line, while the redundancy condition is below the line, thus, 
demonstrating that the redundancy with guidance is more efficient than the redundancy 
condition for far-transfer. Comparing the redundancy with guidance and the 
redundancy-free condition, the redundancy-free is above the P = M line for both recall 
and near-transfer, while the redundancy with guidance is below the P = M line showing 
higher efficiency for the redundancy-free condition. For far-transfer, both the 
redundancy with guidance and redundancy-free condition are above the P = M line. 






















Overall, the redundancy with guidance condition demonstrated higher efficiency for far-
transfer than both the redundancy and redundancy-free condition. 
 
Hypothesis 3 stated that the redundancy-free condition would result in higher 
instructional efficiency than the redundancy condition. The results showed there was no 
statistically significant difference in instructional efficiency between the two conditions 
for recall, near-transfer and far-transfer items, thus hypothesis 3 was not confirmed. 
Exploratory question 2 was as follows: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy condition? The redundancy with 
guidance condition did not significantly differ from the redundancy condition in 
instructional efficiency for recall, near-transfer and far-transfer. Exploratory question 5 
was as follows: What is the instructional efficiency of the redundancy with guidance 
compared to redundancy-free condition? The results showed that the two conditions did 
not significantly differ in instructional efficiency ratings for recall, near-transfer and far 
transfer. An overall discussion of the instructional efficiency results is presented at the 
end of this chapter. 
 
6.5.6	Compliance	–	Utilisation	of	guidance	
Compliance referred to utilisation of the self-management guidance by the participants 
allocated to the redundancy with guidance condition during the learning phase and 
removal of redundant information. As explained in Experiments 1 and 2, participants in 
the redundancy with guidance condition were deemed compliant if they removed all of 
the seven redundant text boxes. Checking of compliance revealed that the participants 
of the redundancy with guidance condition removed the seven redundant text boxes and 
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placed them in the space provided on their instructional material, hence they were 100% 




One-way analysis of variance (ANOVA) was conducted on performance test scores of 
Experiment 3, Part 2 (delayed task phase) in order to explore any differences between 
the three experimental conditions. The means and standard deviations are presented in 
Table 6.4. Cohen’s d was calculated to measure effect size, with the values of 0.20, 0.50 
and 0.80 indicating small, medium and large effect sizes, respectively (Cohen, 1988).  
 
Table 6.4: Means and Standard Deviations (in parentheses) for test scores 
Condition Performance Measures 













3.50 (2.53) 2.11 (1.61) 1.00 (.84) .39 (.50) 
Max. Score /12 /7 /4 /1 
 
The result from the homogeneity of variances test (Levene’s test) was not significant (p 
> 0.05) for total-test score. Therefore, the variances within conditions were considered 
to be homogeneous. Again, the performance scores showed that overall students did not 
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perform very well, which shows that the intrinsic load of the instructional material was 
high. A one-way ANOVA for total test scores showed no significant difference between 
the conditions, F (2, 50) =  .101, MSe = .740, p = .904. 
 
The Levene’s test for recall, near-transfer and far-transfer indicated that the variances 
within conditions were homogeneous (P > 0.05). The results from the one-way ANOVA 
for recall showed no significant differences between the conditions, F (2, 50) = .294, 
MSe = .988, p = .746. The results from the one-way ANOVA for near-transfer showed 
no significant differences between the conditions, F (2, 50) = .176, MSe = .136, p = 
.839. As with the recall and near-transfer results, the results of the one-way ANOVAs 
for far-transfer showed no significant differences between the conditions, F (2, 50) = 
.507, MSe = .111, p = .605. 
 
Hypothesis 5 stated that participants who study redundancy formatted instructional 
material with guidance (Redundancy with guidance condition) would outperform 
participants who study redundancy instructional material (Redundancy condition) on a 
delayed task, due to the guidance provided decreasing extraneous load and potentially 
enhancing germane load. The result of the delayed task showed that the redundancy 
with guidance condition did not outperform the redundancy condition for total, recall, 
near- and far-transfer performance measures, therefore, hypothesis 5 was not confirmed. 
 
6.7	Discussion		
Experiment 3 was a replication of Experiment 2, but also added a delayed task. 
Experiment 3 was undertaken with another cohort of students from two primary schools 
different to those of Experiments 1 and 2. Experiment 3 included two parts. The first 
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part sought to test the redundancy effect and investigated whether the guidance 
provided to redundancy with guidance condition participants assisted them to self-
manage the redundancy effect. Part 1 of Experiment 3 used the same materials and 
procedures of Experiment 2, but participants were Stage 3 (Years 5 and 6) primary 
students from two different schools than used in Experiment 2 to replicate the 
experiment with another cohort of students and look for a larger sample of participants. 
Part 2 of Experiment 3 comprised a delayed task that aimed at testing students’ 
retention of the information learned by providing them with a new set of test questions 
related to the instructional materials they learned in Part 1. Part 2 was conducted with 
the same students who participated in Part 1 one week after they had completed Part 1 
of the experiment. Part 2 of Experiment 3 sought to explore whether the use of the 
guidance provided to the redundancy with guidance condition would result in better 
retention of the information learned than the redundancy condition. This was 
hypothesised due to redundancy with guidance condition participants experiencing 
decreased cognitive load and potentially increased germane load as a result of self-
managing redundancy. Experiment 3, Part 2 thus tested an additional hypothesis. The 
following sections provide a discussion of the results of Experiment 3, Part 1. A 





Experiment 3, Part 1 had a total of four hypotheses and five exploratory questions that 
were similar to those of Experiment 1 and 2. As in Experiment 1 and 2, these 
hypotheses and exploratory questions investigated the differences between the 
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experimental conditions in terms of performance, mental effort and instructional 
efficiency. A summary of results for each of the hypotheses is shown in Table 6.5. A 
summary of results for each of the exploratory questions then follows. 
 
Table 6.5: Summary of results for the four hypotheses  
Hypotheses Result 
Focus: Performance 
H1. Redundancy-free > Redundancy Not confirmed 
H4. Redundancy with guidance > 
Redundancy 
Not confirmed 
Focus: Mental Effort 
H2. Redundancy-free < Redundancy Confirmed for recall for test phase 
Focus: Instructional Efficiency 
H3. Redundancy-free > Redundancy Not confirmed 
 
The five exploratory questions results were as follows. In terms of performance, 
exploratory question 3 asked the following: What is the performance of the redundancy 
with guidance condition compared to redundancy-free condition? The results showed 
that there was no statistically significant difference between the two conditions for total, 
recall, near and far across performance measures. In terms of mental effort, exploratory 
question 1 asked the following: What is the mental effort of the redundancy with 
guidance condition compared to redundancy condition? The two conditions showed 
similar mental effort for both the learning and test phase including recall, near- and far-
transfer, there was no statistical significant difference between the two conditions. 
Exploratory question 4 asked the following: What is the mental effort of the redundancy 
with guidance condition compared to redundancy-free condition? The redundancy with 
guidance condition showed significantly higher mental effort than redundancy-free for 
recall for the test phase. There was no significant difference for mental effort for 
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answering the near- and far-transfer questions. Also, there was no significant difference 
found between the two conditions for mental effort ratings for the learning phase. 
Regarding instructional efficiency, exploratory question 2 asked the following: What is 
the instructional efficiency of the redundancy with guidance compared to redundancy 
condition? The redundancy with guidance condition did not significantly differ from the 
redundancy condition in instructional efficiency for recall, near-transfer and far-transfer. 
Exploratory question 5 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy-free condition? The results revealed 
that the two conditions did not significantly differ in instructional efficiency ratings for 
recall, near-transfer and far transfer. The following sections provide discussions on the 
results to elaborate on the comparisons made between the different conditions. 
 
6.7.1.2	Summary	of	results	for	Redundancy-free	vs	Redundancy		
Hypotheses 1, 2 and 3 investigated the difference between the redundancy-free 
condition compared to the redundancy condition. Hypothesis 1 expected that the 
redundancy-free condition would outperform the redundancy condition on performance 
measures, due to decreased extraneous cognitive load. This hypothesis was not 
confirmed, as the two conditions did not significantly differ in post-test performance 
scores. While there was no significant difference, the redundancy-free condition showed 
higher performance means than the redundancy condition for total-test scores, recall and 
far-transfer, with small effect sizes obtained, d = 0.20, d = 0.20 and 0.23, respectively. 
The two conditions showed similar means for near-transfer, with a small effect size 
obtained, d = 0.05. 
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Hypothesis 2 stated that the redundancy-free condition would demonstrate lower mental 
effort than the redundancy condition, due to decreased extraneous cognitive load. This 
hypothesis was confirmed for task difficulty ratings for answering the recall question, 
the redundancy-free condition showed a lower mental effort than the redundancy 
condition at a statistically significant level, with a medium effect size obtained, d = 
0.74. There was no statistically significant difference between the two conditions for 
task difficulty ratings for answering the near- and far-transfer questions. The results for 
task difficulty ratings for the test phase showed that the redundancy condition had the 
highest mental effort for far-transfer. The redundancy-free condition showed lower 
means for task difficulty ratings for answering the near-and far-transfer questions than 
the redundancy condition, with small effect sizes obtained, d = 0.32 and d = 0.46, 
respectively. Further, while there was a non-significant difference between the two 
conditions for task difficulty ratings for the learning phase, the redundancy-free 
condition showed a lower mean than the redundancy condition, with a medium effect 
size obtained, d = 0.63. 
 
Hypothesis 3 stated that the redundancy-free condition would result in higher 
instructional efficiency than the redundancy condition due to higher performance and 
lower extraneous cognitive load. This hypothesis was not confirmed, as the two 
conditions did not significantly differ in efficiency scores. While there was no 
significant difference, the redundancy-free condition showed higher efficiency means 
than the redundancy condition for recall, near-transfer and far-transfer, with small effect 
sizes obtained, d = 0.46, d = 0.12 and d = 0.38, respectively. Further, the redundancy-
free condition was above the P = M line on the efficiency graphs for recall, near- and 
far-transfer, demonstrating high efficiency.  
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6.7.1.3	Summary	of	results	for	Redundancy	with	guidance	vs	Redundancy	
Hypothesis 4 and exploratory questions 1 and 2 investigated the difference between the 
redundancy with guidance condition compared to the redundancy condition. Hypothesis 
4 stated that the redundancy with guidance condition would outperform the redundancy 
condition on performance measures, due to the use of the guidance to remove redundant 
information. This hypothesis was not confirmed, as the two conditions did not 
significantly differ in performance measures. While there was no significant difference, 
the redundancy with guidance condition showed higher means than the redundancy 
condition for total-test scores, recall, near- and far-transfer performance measures, with 
small effect sizes obtained, d = 0.34, d = 0.11, d = 0.21 and d = 0.45, respectively.  
 
Exploratory question 1 asked the following: What is the mental effort of the redundancy 
with guidance condition compared to redundancy condition? There was no significant 
difference between the two conditions in mental effort for both the learning and test 
phase. While there was no significant difference, the redundancy with guidance 
condition had a lower mean mental effort for the learning phase than the redundancy 
condition, with a small effect size obtained, d = 0.49. In regard to mental effort for the 
test phase, the two conditions showed similar mental effort means for recall and near-
transfer, with a nil, d = 0.00 and small effect sizes obtained, d = 0.05, respectively, 
while the redundancy with guidance had a lower mean mental effort for far-transfer than 
the redundancy condition, with a small effect size obtained, d = 0.41.  
 
Exploratory question 2 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy condition? The results showed that 
the redundancy with guidance condition did not significantly differ from the redundancy 
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condition in regard to instructional efficiency. While there was no significant difference, 
the redundancy with guidance condition showed higher efficiency means than the 
redundancy condition, with small effect sizes obtained for recall and near-transfer, d = 
0.07 and d = 0.14, respectively, and a medium effect size obtained for far-transfer, d = 
0.58. Additionally, while the efficiency graphs for recall and near-transfer showed that 
both conditions were below the P = M line, the redundancy with guidance was more 
efficient than the redundancy condition. The far-transfer efficiency graph showed that 
the redundancy with guidance was above the P = M line, while the redundancy 
condition was below the line, demonstrating high efficiency for the redundancy with 
guidance condition.   
 
6.7.1.4	Summary	of	results	for	Redundancy	with	guidance	vs	Redundancy-free	
Exploratory questions 3, 4 and 5 investigated the difference between the redundancy 
with guidance condition compared to the redundancy-free condition. Exploratory 
questions 3 asked the following: What is the performance of the redundancy with 
guidance condition compared to redundancy-free condition? The results showed that 
there was no significant difference between the two conditions in the post-test 
performance scores: total, recall, near-transfer and far-transfer scores, with small effect 
sizes obtained, d = 0.15, d = 0.12, d = 0.26 and d = 0.22, respectively, which suggests 
the two conditions performed similarly.  
 
Exploratory question 4 asked the following: What is the mental effort of the redundancy 
with guidance condition compared to redundancy-free condition? The results showed 
that there was no significant difference between the two conditions in mental effort for 
the learning phase. While there was no significant difference between the two 
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conditions, the redundancy with guidance had a higher mean mental effort for learning 
than redundancy-free condition, with a small effect size obtained, d = 0.18. However, 
for the test phase, the results showed that the redundancy with guidance condition 
demonstrated significantly higher mental effort than the redundancy-free for answering 
the recall test question, with a large effect size obtained, d = 0.80. There was no 
significant difference for mental effort for answering the near- and far-transfer 
questions. While there was no significant difference between the two conditions for 
mental effort ratings for answering the near- and far-transfer test questions, the 
redundancy with guidance condition had higher mental effort means for answering near- 
and far-transfer questions, with small effect sizes obtained, d = 0.35 and, d = 0.05, 
respectively.  
 
Exploratory question 5 asked the following: What is the instructional efficiency of the 
redundancy with guidance compared to redundancy-free condition? The results showed 
that the two conditions did not significantly differ in instructional efficiency for recall, 
near-transfer and far-transfer. The redundancy with guidance condition showed a 
similar efficiency mean for near-transfer to the redundancy-free condition, and a nil 
effect size obtained, d = 0.00. The redundancy-free showed a higher efficiency mean for 
recall than the redundancy with guidance condition, with a small effect size obtained, d 
= 0.44. The redundancy with guidance condition showed a higher efficiency mean for 
far-transfer than the redundancy-free condition, and a small effect size obtained, d = 
0.15. Additionally, the redundancy-free was above the P = M line on the efficiency 
graphs for both recall and near-transfer, while the redundancy with guidance was below 
the P = M line demonstrating higher efficiency for the redundancy-free condition. For 
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far-transfer, although both conditions were above the P = M line, the redundancy with 
guidance was more efficient than the redundancy-free.  
 
6.7.2	Discussion:	Experiment	3,	Part	2	
Experiment 3, Part 2 tested an additional hypothesis (hypothesis 5) that the redundancy 
with guidance condition would outperform the redundancy condition on a delayed task 
(a new set of test questions) examining students’ retention of information learned in 
Part 1 of the experiment. This was hypothesised due to the guidance given to 
redundancy with guidance condition reducing extraneous cognitive load and possibly 
enhancing germane load. This hypothesis was not confirmed, as the two conditions did 
not significantly differ in performance measures of the delayed task. Despite the non-
significant difference, the results showed that the redundancy with guidance condition 
showed higher means for total, near-transfer and far-transfer performance than the 
redundancy condition, with small effect sizes obtained, d = 0.02, d = 0.08, and d = 0.23, 
respectively. For recall scores, the results revealed that overall the scores were lower for 
each condition in the delayed task compared with the results of recall in Experiment 3, 
Part 1. The recall results showed that the redundancy with guidance condition had a 




There were three main results from Experiment 3, Part 1. The three conditions did not 
significantly differ in any of the performance measures, total, recall, near or far transfer. 
Nonetheless, the redundancy-free showed higher performance means than the 
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redundancy condition in total-test scores, recall and far-transfer, with small effect sizes 
obtained, d = 0.20, d = 0.20 and 0.23, respectively. Also, the redundancy with guidance 
showed higher performance means than the redundancy condition for total, recall, near-
transfer and far-transfer, with small effect sizes obtained, d = 0.34, d = 0.11, d = 0.21 
and d = 0.45, respectively. These results thus show there is some support for the 
redundancy-free and redundancy with guidance instructional materials supporting 
learning. In terms of mental effort, the hypothesis that the redundancy-free condition 
would show lower mental effort than the redundancy condition was confirmed for the 
test phase for recall, as the redundancy-free showed a lower mental effort than the 
redundancy condition at a statistically significant level. While there was a non-
significant difference between the redundancy-free and redundancy condition in mental 
effort for the learning phase, the redundancy-free condition had a lower mean than the 
redundancy condition, with a medium effect size obtained, d = 0.63. Also, while there 
was no significant difference between the redundancy with guidance and redundancy 
condition in mental effort, the redundancy with guidance showed lower mental effort 
for the learning phase and test phase for far-transfer than the redundancy condition, with 
small effect sizes obtained, d = 0.49 and d = 0.41, respectively. In terms of instructional 
efficiency, while there was no significant difference between the redundancy-free and 
redundancy condition, the redundancy-free condition reported higher efficiency means 
than the redundancy condition for recall, near-transfer and far-transfer, with small effect 
sizes obtained, d = 0.46, d = 0.12 and d = 0.38, respectively. Further, the redundancy-
free condition was above the P = M line on the efficiency graphs for recall, near- and 
far-transfer, demonstrating high efficiency. Similarly, while the redundancy with 
guidance and redundancy condition did not significantly differ in instructional 
efficiency, the redundancy with guidance condition showed higher efficiency means 
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than the redundancy condition, with small effect sizes obtained for recall and near-
transfer, d = 0.07 and d = 0.14, respectively, and a medium effect size obtained for far-
transfer, d = 0.58. Additionally, while the efficiency graphs for recall and near-transfer 
showed that both conditions were below the P = M line, the redundancy with guidance 
was more efficient than the redundancy condition. Furthermore, the far-transfer 
efficiency graph showed that the redundancy with guidance was above the P = M line, 
while the redundancy condition was below the line, demonstrating high efficiency for 
the redundancy with guidance condition. Overall, the results for performance, mental 
effort and efficiency show that both the redundancy-free and redundancy with guidance 
instructional materials were better for learning than the redundancy condition 
instructional materials, hence showing support for the redundancy effect and self-
management of redundancy effect. 
 
The main result of Experiment 3, Part 2 was that although not at a statistically 
significant level, the redundancy with guidance condition showed better retention of the 
information learned as indicated by the performance scores for total, near- and far-
transfer. There was no statistically significant difference between the three conditions in 
any of the delayed task performance measures. While there was no significant 
difference, the redundancy with guidance showed higher mean scores than the 
redundancy condition for total, near-transfer and far-transfer, with small effect sizes 
obtained, d = 0.02, d = 0.08, and d = 0.23, respectively. This result shows there is some 
support for redundancy with guidance instructional materials supporting better retention 
of the information learned.   
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These results may be due to a small sample size of the experiment. While this 
experiment had a total of 54 participants, a minimum total sample size recommended 
for ANOVA tests of 3 groups with an alpha of .05 and a medium size effect (.5) is 81 
participants (Gall et al., 2007). This issue along with other possible concerns that may 
have affected the results of the three experiments of this thesis are further discussed in 






This study examined the effectiveness of teaching students how to self-manage 
extraneous cognitive load when presented with instructional materials with evident 
redundancy. Cognitive load theory (CLT) research has focussed on instructors and 
designers of instruction managing cognitive load for students (Agostinho et al., 2014). 
However, it has been argued in this thesis that it is unlikely that students will always 
access instructional materials that are compliant with CLT principles. For example, 
online accessible information can overwhelm learners due to cognitive overload and 
result in very little learning (Agostinho et al., 2014). Thus, over the last five years CLT 
research has focused on examining self-management of cognitive load (Agostinho et al., 
2014; Roodenrys et al., 2012). This new direction of CLT research examines whether 
students themselves can manage their cognitive load by being taught CLT principles so 
that they then can apply the principles themselves when faced with non-CLT compliant 
instructional materials. This would empower students with the skills necessary to 
enhance their learning. Although self-management of CLT research has shown some 
evidence supporting its viability, only few studies have been conducted, with the focus, 
to date, being on the split-attention effect (for example, Agostinho et al., 2013; 
Roodenrys et al., 2012; Sithole et al., 2017; Tindall-Ford et al., 2015). In addition, most 
of the research conducted has focused on university students. This thesis is the first 
research study to explore the self-management of cognitive load in a primary school 
context with a focus on another cognitive load theory effect, the redundancy effect. 
Redundancy is a different and more complex effect than split-attention, thus if the 
current thesis results showed that self-management were applicable to redundancy 
effect, this would be a valuable addition to the field, theoretically. The current thesis 
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implemented a similar research design to previous self-management of cognitive load 
research (e.g., Gordon et al., 2016; Roodenrys et al., 2012). That is, participants were 
randomly allocated to one of three instructional conditions (redundancy condition; 
redundancy-free condition; and redundancy with guidance condition) and their learning 
from studying these instructional formats was tested.  
 
The three experiments reported in the present thesis were designed to examine whether 
primary school students could self-manage the redundancy effect on instructional 
material with evident redundancy when they were given guidance on how to remove 
redundant information. The research was guided by two overarching research questions. 
Each research question was accompanied by one or multiple hypotheses and exploratory 
questions. As previously stated in Section 2.6, exploratory questions were used as there 
was no previous research conducted on self-management of redundancy effect and as 
there was no solid theoretical basis to identify hypotheses. The first research question, 
four hypotheses and five exploratory questions were tested in Experiments 1, 2 and Part 
1 of Experiment 3 and were as follows:  
 
Question 1: Does teaching students how to self-manage the redundancy effect, by 
manipulating paper-based materials, have a positive effect on learning?  
 
H1: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would outperform participants who study redundancy formatted instructional 
material (Redundancy condition) on performance measures, due to participants studying 
redundancy-free instructional material not having to process redundant information and 
therefore experiencing decreased extraneous cognitive load. 
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H2: Participants who study redundancy-free instructional material (Redundancy-free 
condition) would report lower mental effort than participants who study redundancy 
formatted instructional material (Redundancy condition), due to decreased extraneous 
cognitive load. 
 
H3: The redundancy-free condition (redundancy-free instructional material) would have 
a higher instructional efficiency than the redundancy condition (redundancy formatted 
instructional material), due to higher performance and lower extraneous cognitive load. 
 
H4: Participants who study redundancy with guidance formatted instructional material 
(Redundancy with guidance condition) would outperform participants who study 
redundancy formatted instructional material (Redundancy condition) on performance 
measures, due to the use of the guidance to remove redundant information. 
 
Two exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy instructional material:  
Exploratory question 1. What is the mental effort of participants who study redundancy 
with guidance formatted instructional material (Redundancy with guidance condition) 
compared to participants who study redundancy formatted instructional material 
(Redundancy condition)? 
 
Exploratory question 2. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy condition? 
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Three exploratory questions in relation to redundancy with guidance formatted 
instructional material and redundancy-free instructional material: 
Exploratory question 3. What is the performance of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 4. What is the mental effort of participants who study redundancy 
formatted instructional material with guidance (Redundancy with guidance condition) 
compared to participants who study redundancy-free instructional material 
(Redundancy-free condition)?  
 
Exploratory question 5. What is the instructional efficiency of the redundancy with 
guidance condition compared to redundancy-free condition? 
 
The second research question and an additional hypothesis were tested in Part 2 of 
Experiment 3 and were as follows:  
 
Question 2: Do students who are taught how to self-manage the redundancy effect have 
better retention of the information learned than students who are not taught how to self-
manage the redundancy effect? 
 
H5: Participants who study redundancy formatted instructional material with guidance 
(Redundancy with guidance condition) would outperform participants who study 
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redundancy instructional material (Redundancy condition) on a delayed task, due to the 
guidance provided decreasing extraneous load and potentially enhancing germane load.  
 
A summary of the three experiments is presented below followed by a summary of the 
overall findings.  
 
Experiment 1 firstly investigated whether the redundancy effect was evident in the 
instructional material specifically developed for this study. These instructional materials 
focused on the water cycle. Secondly, Experiment 1 investigated whether the guidance 
provided to learners presented with redundancy evident instructional materials would 
assist them in self-managing the redundancy effect and thus support their learning. The 
training material used focused on blood circulation through the heart, lungs and body. 
 
Experiment 2 utilised revised materials based on a pilot that preceded Experiment 2 and 
an expert review of the materials. Revisions to the materials included simpler training 
material and a revised task difficulty rating scale. That is, for the training materials 
instead of the content focusing on blood circulation through the heart, lungs and body, 
the content was on the key components of an iPad. The task difficulty rating scale was 
revised from a 9-point scale to a 5-point task difficulty rating scale. There was also a 
revision made to the procedure for the experiment. That is, participants allocated to the 
redundancy with guidance condition were asked to manage redundancy before studying 
the instructional material. Experiment 2 was conducted for two purposes. The first 
purpose was to test the redundancy effect using the same instructional content used in 
Experiment 1, but with a larger cohort of Stage 3 students. It was anticipated that the 
simplified training material would support learning in the learning phase. The second 
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purpose for Experiment 2 was to investigate whether the simplified training material 
along with the revised guidance for the redundancy with guidance condition would 
enhance learning.  
Using the same materials and procedures of Experiment 2, the aim of Experiment 3 was 
to replicate Experiment 2 with a different cohort of Stage 3 students and a larger sample 
size by recruiting participants from two schools instead of one. Part 2 of Experiment 3 
aimed to extend the research by including a delayed task to ascertain if there is any 
retention of content knowledge by participants across the conditions.  
 
An overview of the main findings of the three experiments is presented below. This is 
followed by the reporting of a meta-analysis that was conducted on the three 
experiments to further investigate the performance results from the three experiments. 
Following the discussion of the meta-analysis, implications for self-managing 
redundancy are drawn by presenting an analysis of the research conducted on the 
redundancy effect. The chapter then summarises the limitations of the present thesis and 
presents theoretical and practical implications for cognitive load theory. The chapter 
concludes with suggestions for further research. 
 
7.2	Overview	of	findings	
This section provides an overview of the findings from the three experiments. Table 7.1 
summarises the results for each of the three experiments in relation to the main research 
questions, hypotheses and exploratory questions for the dependent variables of 
performance, mental effort and instructional efficiency. To answer the research 
questions, a summary of the results across the three experiments in terms of the 
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dependent variables of performance, mental effort and instructional efficiency is 
presented. This is followed by a summary of the key findings. 
 
Table 7.1: A summary of the results for each of the three experiments in relation to the 
main research questions, hypotheses and exploratory questions for the dependent 








Research question 1:  Does teaching students how to self-manage the redundancy effect, by 
manipulating paper-based materials, have a positive effect on learning?  
 
Focus: Performance 
H1. Redundancy-free > 
Redundancy 
Not confirmed  Not confirmed Not confirmed N/ A 
H4. Redundancy with 
guidance > Redundancy 
Not confirmed Not confirmed Not confirmed N/ A 
Exploratory question 3: 
What is the performance of 
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Focus: Mental Effort 




Not confirmed Confirmed for 
recall for test 
phase 
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Focus: Instructional efficiency  
H3. Redundancy-free > 
Redundancy 
Not confirmed Not confirmed Not confirmed N/ A 
Exploratory question 2: 
What is the instructional 
efficiency of the redundancy 










between the two 
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Exploratory question 5: 
What is the instructional 
efficiency of the redundancy 












between the two 
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Research question 2: Do students who are taught how to self-manage the redundancy effect have better 




H5. Redundancy with 
guidance > Redundancy 
N/ A N/ A N/ A Not confirmed 
  
7.2.1	Summary	of	results	for	dependent	variable:	Performance	
For performance, no statistically significant differences were found across the three 
conditions: redundancy condition, redundancy-free condition and redundancy with 
guidance condition in each of the three experiments. However, there were three findings 
that are worthy of mention. Firstly, the redundancy-free condition outperformed (but not 
at statistically significant levels) the redundancy condition in Experiments 1 and 3 (refer 
to Tables 4.1 and 6.1). This suggests that the redundancy effect was evident in the 
instructional materials. Secondly, the redundancy with guidance condition outperformed 
(not at a statistically significant level) both the redundancy and redundancy-free 
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conditions for far-transfer in all three experiments (refer to Tables 4.1, 5.4 and 6.1). 
Given that this result was consistent across the three experiments, this suggests that by 
implementing the self-management guidance students may have engaged more deeply 
with the ‘to-be-learned’ information, thus supporting the student’s development of 
schematic knowledge. Thirdly, the means and effect sizes for the redundancy with 
guidance condition were similar to the redundancy-free condition in each of the three 
experiments for recall, and near transfer (refer to Tables 4.1, 5.4 and 6.1). This, in 
addition to the above-mentioned second key finding, suggests there is potential in 
supporting students to self-manage redundancy as the results showed that participants 
who were required to remove redundant information from the instructional material 




Statistically significant findings in the three experiments were found for mental effort. 
Three key findings were found. Firstly, in Experiment 1, the redundancy-free condition 
reported a statistically significant lower mental effort than the redundancy condition. 
This provides some evidence that the redundancy effect was evident in the instructional 
materials used in Experiment 1. Secondly, in Experiment 3 the redundancy-free 
condition reported a statistically significant lower mental effort than the redundancy 
condition. This result, in addition to the above-mentioned first key finding, provides 
some further evidence that the redundancy effect was evident in the instructional 
materials. The third key finding was that, a higher mental effort was found in the 
redundancy with guidance condition compared to the redundancy-free condition at a 
statistically significant level in both Experiments 1 and 3.  
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These results suggest that the instructional material in the redundancy with guidance 
condition imposed a higher mental effort (as a result of implementing the guidance to 
self-manage redundancy) than the redundancy-free instructional material. This, in 
addition with the third key finding for performance (that is, the performance means and 
effect sizes for the redundancy with guidance condition were similar to the redundancy-
free condition in each of the three experiments for recall, and near transfer), suggests 
that the higher mental effort was attributed to participants engaging deeply with the ‘to-
be-learned’ information. Thus, to speculate, this cognitive load may not have been 
extraneous but instead germane to learning.   
 
7.2.3	Summary	of	results	for	dependent	variable:	Instructional	efficiency	
The instructional efficiency results provide more insight about the key findings of 
performance and mental effort as they show the connection between performance and 
mental effort. Across the three experiments, the redundancy-free condition showed 
higher efficiency than the redundancy condition, but not at statistically significant 
levels. Additionally, for all three experiments the redundancy-free condition was more 
efficient than the redundancy with guidance condition, however, a statistically 
significant difference was only obtained for Experiment 1. Further, the redundancy with 
guidance and redundancy condition showed similar instructional efficiency across the 
three experiments apart from far-transfer. This result however is due to the high (but not 




Synthesising the key findings presented in the three sections above about the results of 
the dependent variables: performance, mental effort and instructional efficiency, the key 
findings from this thesis are as follows. 
 
1. The results suggest that redundant information was somewhat evident in the 
instructional materials across the three experiments, thus there is some evidence 
for the redundancy effect being evident in the instructional materials. This was 
shown by the first key finding in the summary of results for performance, the 
first and second key findings in the summary of results for mental effort and the 
first key finding in the summary of instructional efficiency.  
 
2. The results suggest there is potential in pursuing teaching primary school 
students how to self-manage the redundancy effect. This was shown by the 
second and third key findings in the summary of results for performance and the 
third key finding in the summary of results for mental effort. That is, 
performance results showed that in all three experiments, the redundancy with 
guidance outperformed (not at a statistically significant level) both other two 
conditions for far-transfer. Additionally, the redundancy with guidance showed 
similar means and effect sizes to the redundancy-free condition in each of the 
three experiments for recall, and near transfer. For mental effort, the results 
showed that the redundancy with guidance reported statistically higher mental 
effort compared to the redundancy-free condition in both Experiments 1 and 3.  
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3. The results suggest some ‘germane’ cognitive load may have been evident for 
participants in the redundancy with guidance condition. This is suggested based 
on the third key finding for mental effort results (i.e., that a higher mental effort 
was found in the redundancy with guidance condition compared to the 
redundancy-free condition at a statistically significant level in both Experiments 
1 and 3). When combined with the third key finding for performance (i.e., 
similar means and effect sizes for the redundancy with guidance and 
redundancy-free conditions in recall and near-transfer across the three 
experiments), this higher cognitive load for the redundancy with guidance 
condition could be suggested to be germane rather than extraneous cognitive 
load. That is, the participants in the redundancy with guidance condition may 
have engaged more deeply with the to-be-learned information than participants 
in the other two conditions thus resulting in higher reported mental effort 
ratings.  
 
Despite little statistical significance in performance, the results from the means and the 
effect sizes provide some insight into the effectiveness of students’ self-management of 
redundancy effect. To examine this further, a meta-analysis was performed to check if 
there were any statistical significant differences. 
 
7.3	Results	from	a	meta-analysis	on	the	dependent	variable:	Performance	
To further investigate the performance results across the three experiments a meta-
analysis was conducted. The meta-analysis was utilised to synthesise the data by 
aggregating the performance results from Experiments 1, 2 and Part 1 of Experiment 3. 
The meta-analytic method averages the means and weights them for the different 
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sample sizes in each of the experiments. This would determine if there is any 
statistically significant difference in the performance results across the three 
experiments. The analysis comprised of conducting separate meta-analyses. The 
following sections present the method applied, results and discussion. 
 
7.3.1	Method	
The meta-analytic approach conducted involved comparisons between the different 
experimental conditions used in the three experiments. Twelve meta-analyses were 
conducted to examine the performance results across the conditions to see if there was 
any statistically significant difference. Hence, a separate meta-analysis was conducted 
for each of the comparisons made between the experimental conditions (i.e., 
Redundancy-free vs Redundancy, Redundancy with guidance vs Redundancy and 
Redundancy with guidance vs Redundancy-free) for each of the performance measures: 
total-test score, recall, near-transfer and far-transfer. The twelve meta-analyses are listed 
in Table 7.2 below. 
 





























Using ESCI Meta-Analysis software (Cumming, 2011), estimates of mean effects 
weighted for sample size, and related 95% confidence intervals for the overall analysis 
for each of the meta-analyses were calculated using random effects tests (Shaddish & 
Haddock, 1994). In line with the three experiments, an alpha level of 0.05 was used as 
the criterion for determining statistical significance.  
	
7.3.2	Results	and	discussion	
This section presents the results from the separate meta-analyses followed by discussion 
of the overall results. The results are presented according to the comparisons made 
between the different experimental conditions in the following order:  
• Results for meta-analyses for redundancy-free condition compared to 
redundancy condition for total-test score, recall, near-transfer and far-transfer;  
• Results for meta-analyses for redundancy with guidance condition compared to 
redundancy condition for total-test score, recall, near-transfer and far-transfer; 
• Results for meta-analyses for redundancy with guidance condition compared to 





Significance, standardised mean difference and related 95% confidence intervals for the 
meta-analyses for redundancy-free condition compared to redundancy condition for 
total-test score, recall, near-transfer and far-transfer are given in Table 7.3.  
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Table 7.3: Significance, standardised mean difference and 95% confidence intervals for 
the meta-analyses for redundancy-free condition compared to redundancy condition for 
total-test scores, recall, near-transfer and far-transfer 
Performance 
Measures 






Total-test Score 0.85 -0.15 -1.73 1.44 
 
Recall 0.89 -0.06 -0.90 0.78 
 
Near-transfer 0.82  0.06 -0.42 0.53 
 
Far-transfer 0.51 -0.23 -0.91 0.45 
 
The results from the homogeneity tests for the meta-analyses were not significant (p > 
0.05), therefore the three experiments were considered to be homogeneous. The results 
for the meta-analyses for redundancy-free condition compared to redundancy condition 
showed that there was no significant difference between the two conditions for total-test 





Significance, standardised mean difference and related 95% confidence intervals for the 
meta-analyses for redundancy with guidance condition compared to redundancy 






Table 7.4: Significance, standardised mean difference and 95% confidence intervals for 
the meta-analyses for redundancy with guidance condition compared to redundancy 
condition for total-test score, recall, near-transfer and far-transfer 
Performance 
Measures 






Total-test Score 0.72 -0.29 -1.87 1.30 
 
Recall 0.65  0.20 -0.67 1.08 
 
Near-transfer 0.79  0.06 -0.37 0.48 
 
Far-transfer 0.08 -0.70 -1.48 0.09 
 
The results from the homogeneity tests for the meta-analyses were not significant (p > 
0.05), therefore the three experiments were considered to be homogeneous. The results 
for the meta-analyses for redundancy with guidance condition compared to redundancy 
condition showed that there was no significant difference between the two conditions 
for total-test score, recall, near-transfer and far-transfer (see Appendix O for forest plots 





Significance, standardised mean difference and related 95% confidence intervals for the 
meta-analyses for redundancy with guidance condition compared to redundancy-free 





Table 7.5 Significance, standardised mean difference and 95% confidence intervals for 
the meta-analyses for redundancy with guidance condition compared to redundancy-free 
condition for total-test score, recall, near-transfer and far-transfer 
Performance 
Measures 






Total-test Score 0.85 -0.15 -1.68 1.38 
 
Recall 0.41 0.33 -0.46 1.12 
 
Near-transfer 0.90 0.03 -0.43 0.48 
 
Far-transfer 0.23 -0.51 -1.35 0.33 
 
The results from the homogeneity tests for the meta-analyses were not significant (p > 
0.05), therefore the three experiments were considered to be homogeneous. The results 
for the meta-analyses for redundancy with guidance condition compared to redundancy-
free condition showed that there was no significant difference between the two 
conditions for total-test score, recall, near-transfer and far-transfer (see Appendix P for 
forest plots of each meta-analysis). 
 
7.3.2.4	Discussion	
The results of the twelve meta-analyses conducted to further investigate the 
performance results across the comparisons between the different experimental 
conditions were not significant, indicating that there were no significant differences 
between each of the conditions compared. Additionally,	the	results	for	the	meta-
analysis	for	redundancy	with	guidance	condition	compared	to	redundancy	
condition	for	far-transfer showed that the redundancy with guidance condition 
outperformed the redundancy condition but not at a statistically significant level. These 
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results are similar to the results of the one-way analysis of variance (ANOVA) for 
performance for each of the experiments, thus, the results are consistent. 
 
7.4	Implications	for	self-managing	redundancy		
The results from the three experiments suggest that redundancy was somewhat evident 
in the instructional materials as the redundancy-free condition outperformed the 
redundancy condition, but not at statistically significant levels. Additionally, the 
redundancy-free condition reported a statistically significant lower mental effort than 
the redundancy condition. Furthermore, the results suggest there is potential in pursuing 
the teaching of primary school students on how to self-manage the redundancy effect as 
the redundancy with guidance condition outperformed (not at a statistically significant 
level) both other two conditions for far-transfer in all three experiments. In addition, the 
performance results showed participants performed similar for recall, and near transfer 
in the redundancy-free and redundancy with guidance conditions across the three 
experiments. Additionally, the mental effort results for these two conditions showed 
that the redundancy with guidance condition imposed a higher mental effort than the 
redundancy-free condition. While the results were in the right direction, there was 
limited statistical significance found. Therefore, it was thought to investigate the 
research further by examining how redundancy was applied in the instructional 
materials in this thesis and how this compares with other redundancy effect CLT 
research studies. This was undertaken in order to identify if there were any 
characteristics in the way redundancy was applied in the three experiments that could 
give some further insight into these results. Thus, an analysis of the research conducted 
on the redundancy effect was undertaken specifically to examine the instructional 
materials in depth. The aim was to better understand the types of redundancy and their 
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associated specific design features, and thus to situate how redundancy was applied in 
the experiments in this thesis in comparison to the other redundancy effect research 
conducted. How this review of the research literature was conducted is explained below, 
followed by a presentation of results and a discussion that clearly positions this study 
within the body of redundancy effect research. The chapter concludes by explaining 




Inclusion of articles on redundancy effect research for the further analysis was 
conducted through locating articles cited in a CLT book and a literature search. The 
Sweller et al.’s (2011) book is the latest compendium of key research for Cognitive 
Load Theory effects. A dedicated chapter on the redundancy effect (Chapter 11) 
discussed 16 articles. These 16 articles were included in the analysis. In addition, a 
document search in Scopus database was conduced, using the key words "redundancy" 
and "cognitive load" for the period between 1990 and 2017, which returned 68 results 
(hits). Then, research reviews and book chapters were manually excluded resulting in a 
total of 58 articles. When these articles were cross checked with the 16 articles from the 
book of Sweller et al. (2011), it was found that only five articles from the Sweller et 
al.’s book were included in the Scopus search results. Thus, the following procedure 
was adopted; firstly, it was decided to include all the 16 articles cited in the Sweller et 
al.’s (2011) book in the list of articles collected for the analysis. Secondly, the 58 
articles that were resulted from the Scopus search were sorted based on highest to 
lowest citations, printed out and their Google citation number was inserted next to each 
Scopus citation number of each of the 58 articles (see Appendix Q). Then, looking at 
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each of the articles’ Google Scholar citation number, only articles that had citations 
greater than 100 were included, in addition to the 16 articles that were included from the 
Sweller et al.’s (2011) book. Therefore, the following additional 2 articles were 
included in the list for analysis: Leahy et al. (2003) and Yeung, Jin and Sweller (1998), 
thus resulting in inclusion of a total of 18 articles for the further analysis, see Table 7.6 
below for the 18 articles included. Most of the articles included in the table for this 
further analysis were either reviewed or referenced in Chapter 2 (literature review) of 
this thesis. However, as previously stated, due to the results of the three experiments 
conducted in the current thesis, these 18 articles on redundancy effect were specifically 
included for closer examination to identify how redundancy was applied and thus to 
determine if there are specific characteristics of redundant instructional materials. 	 
 
     Table 7.6: Studies on redundancy effect research compiled for analysis	
No. 
 




Scholar as of 
24 May 2017 
1 Chandler & Sweller (1991) 2474 
2 Sweller & Chandler (1994) 1455 
3 Mayer, Heiser & Lonn (2001) 1029 
4 Kalyuga, Chandler & Sweller (1999) 950 
5 Chandler & Sweller (1996) 501 
6 Craig, Gholson & Driscoll (2002) 485 
7 Plass, Chun, Mayer & Leutner (2003) 290 
8 Yeung, Jin & Sweller (1998) 222 
9 Leahy, Chandler & Sweller (2003) 214 
10 Kalyuga, Chandler & Sweller (2004) 186 
11 Bobis, Sweller & Cooper (1993) 146 
12 Cerpa, Chandler & Sweller (1996) 115 
13 Gerjets, Scheiter, Opfermann, Hesse & Eysink (2009) 98 
14 Jamet & Le Bohec (2007) 88 
15 Diao & Sweller (2007) 87 
16 Diao, Chandler & Sweller (2007) 71 
17 Pociask & Morrison (2008) 35 





As the redundancy effect has often been investigated with the split-attention effect in 
the literature (e.g., Kalyuga et al., 1999; Pociask & Morrison, 2008), only experiments 
that investigated the redundancy effect were included. After manually inspecting each 
of the 18 articles, a total of 33 experiments were identified as focused specifically on 
the redundancy effect and thus were included for the analysis. Each experiment was 
then examined in depth to identify the following:  
1. How redundancy was evident in the instructional materials, e.g., whether text 
and diagrams or diagrams, text and audio were used; 
2. Complexity of the instructional materials, i.e., the way in which the materials 
were presented, e.g., holistic or segmented presentation. For example, the 
presentation of the materials was considered holistic if all the to-be-learned 
information was presented on one whole page, while it was considered 
segmented if the information was presented in multiple pages;  
3. Learning purpose, i.e., conceptual (teaching a concept) or procedural (teaching 
how something is performed);  
4. Type of participant cohort (e.g., secondary school students) and prior 
knowledge;  
5. Why there was redundancy, i.e., the nature of the redundancy (e.g., written text 
duplicating to-be learned information provided by self-explanatory diagrams); 
and  
6. The interdependency of information sources, i.e., whether a source of 
information is totally repeating the information (total repetition), partially 
repeating the information (partial repetition) or providing elaboration on the 
information (a form of elaboration).  
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Table 7.7 shows a summary of the 33 experiments as included in the 18 articles with the 
results of the analysis. There are 33 rows that correspond to the 33 experiments. 
 
Table	7.7:	Summary of the 33 experiments as included in the 18 articles		
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Sixteen experiments used paper-based materials, 13 used computer-based materials and 
4 used paper-based materials and hardware. These 33 experiments used different types 
of materials: four experiments used written text and a diagram; 3 used written text and 
multiple diagrams; 1 experiment used written text, diagrams and a hard copy manual; 7 
used written text and audio text; 1 used multiple diagrams and additional multiple 
diagrams; 3 experiments used written text, diagrams and hardware; 4 used written text 
only; 9 used written text, audio text and diagram; and 1 experiment used written text, 
audio text and visuals. In regards with the complexity of the instructional materials, the 
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instructional materials were presented in a segmented format in 26 experiments and in a 
holistic format in 7 experiments. The learning purpose of the instructional materials in 
23 experiments was about learning concepts, in 9 experiments was about learning 
procedures and in 1 experiment the focus was about learning both a procedure and a 
concept. The 33 Experiments covered an array of learning contexts: twenty-two 
experiments focused on the university and /or adult learner context; 6 experiments used 
secondary school students, and 5 experiments focused on primary school students. In 
terms of the interdependency of the information sources, thirteen experiments used 
materials that presented a total repetition of the to-be-learned information; 13 
experiments used materials that partially repeated the to-be-learned information; and 7 
experiments used materials that presented a form of elaboration on the information to-
be-learned.  
 
By closely examining the 33 experiments included in the 18 studies, two themes were 
evident as characterising the instructional materials used in the research. The first theme 
was interdependency of information sources. While all the 33 experiments used 
instructional materials that included redundant sources of information, some 
experiments used more explicit sources of redundant information than did others. For 
example, Chandler and Sweller (1991, Experiment 2) examined the redundancy effect 
using paper-based material containing written text and a diagram on electrical circuits. 
The written text merely repeated all the information, which was provided by a self-
explanatory diagram, thus it was redundant. As the text provided total repetition of the 
information, it is thus an explicit source of redundancy. However, an example of an 
experiment that used a less explicit source of redundant information is the study by 
Mayer et al. (2001, Experiment 1). The material used was written and audio text plus 
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animated diagrams on lightning formation. The written text either summarised (with the 
same words) or fully duplicated the audio text and was concurrently presented with the 
audio text, thus it was redundant. As the written text (whether summarising or fully 
repeating the audio text) only repeated part of the to-be learned information, i.e., it did 
not repeat the diagrammatic information, it provided partial repetition of the 
information. Thus, it is a less explicit source of redundancy.  
 
The second theme characterising the instructional materials used in the research was the 
complexity of the instructional materials in terms of how the materials were presented. 
While some experiments presented the instructional materials to the participants as one 
whole chunk, other experiments presented the materials in multiple smaller chunks. For 
example, the study by Chandler and Sweller (1991, Experiment 2) discussed above 
presented all the to-be-learned information to the participants (which was written text 
and a diagram on electrical circuits) on one page. The material was presented as one 
whole chunk and thus the presentation of the material was considered holistic. An 
example of an experiment where the material was presented in multiple smaller chunks 
is the study by Mayer et al. (2001, Experiment 1). The material on lightning formation 
was presented in multiple slides presented on a computer screen. The material was 
presented in multiple small chunks of information and thus was considered as presented 
in segments (i.e., segmented).  
 
Sweller et al. (2011, p. 152) identified the following conditions for applicability of the 
redundancy effect: 1) Sources of information must be understood independently; 2) 
Learning materials must be high in element interactivity; 3) For multimedia redundancy 
effect, audio and written text must be lengthy, complex and presented concurrently; and 
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4) Use of learners who are novice to the information presented. However, the two 
themes identified in the current analysis as characterising the instructional materials 
used in the research on redundancy effect expand on these conditions. The first theme, 
i.e., interdependency of information sources, indicates the following. Firstly, the 
redundancy effect can be generated using more explicit sources of redundant 
information, thus, similar to the first condition by Sweller et al. (2011). Secondly, also 
less explicit forms of redundancy (i.e., either partial repetition or a form of elaboration) 
can produce the redundancy effect, hence an addition to the first condition identified by 
Sweller et al. (2011). The second theme, i.e., complexity of the instructional materials in 
terms of how the materials were presented, indicates that the way in which the materials 
are presented (e.g., holistic or segmented presentation) is another characteristic of the 
materials used in the research, which may moderate the redundancy effect, hence a new 
addition to the four conditions identified by Sweller et al. (2011).   
 
Figure 7.1 plots these 33 experiments across two axes: the horizontal axis represents the 
degree of interdependency of information sources; the vertical axis represents the 
degree of the complexity of the presentation of instructional material. For example, a 
study is plotted on these two axes using information from the table. Information from 
the column that refers to ‘interdependency of information sources’ was used to 
determine where to plot a study in relation to the horizontal axis. In the same way, 
information from the column that refers to ‘complexity of instructional materials’ (i.e., 
‘holistic/ segmented presentation’) was used to determine where to plot a study in 
relation to the vertical axis. The experiments that used instructional materials with the 
redundant information presenting total repetition of the to-be-learned information and 
the instructional materials presented in a segmented format are visually represented in 
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the bottom left quadrant (e.g., Diao et al., 2007, Experiment 1). Similarly, the 
experiments that used instructional materials with the redundant information presenting 
either partial repetition or was considered as a form of elaboration on the to-be-learned 
information but the instructional materials were presented in a segmented format are 
visually represented in the bottom right quadrant (e.g., Craig et al., 2002, Experiment 
2). The experiments that used instructional materials with the redundant information 
presenting total repetition of the to-be-learned information but the instructional 
materials were presented in a holistic format are visually represented in the top left 
quadrant (e.g., Chandler & Sweller, 1991, Experiment 2). Similarly, the experiments 
that used instructional materials with the redundant information presenting either partial 
repetition or a form of elaboration on the to-be-learned information but the instructional 
materials were presented in a holistic format are visually represented in the top right 




Figure 7.1: Redundancy effect research studies plotted across two axes - the 




By examining Figure 7.1, it is evident that most (79 %) of the experiments conducted 
on redundancy effect fall in the two bottom quadrants. Experiments in these two 
quadrants were characterised by using instructional materials that either used explicit 
redundancy, i.e., full repetition of the to be learned information (e.g., Cerpa et al., 1996, 
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Experiment 1) or less explicit redundancy, i.e., either partial repetition or a form of 
elaboration on the to-be-learned information (e.g., Plass et al., 2003) but the 
instructional materials were presented in a segmented, low element interactivity format. 
On the other hand, the other two top quadrants have fewer experiments. The 
experiments in the top left quadrant (12 %) are characterised by using instructional 
materials that used explicit redundant information, yet the materials were presented in a 
high element interactivity, holistic format (e.g., Chandler & Sweller, 1991, Experiment 
3). Similarly, the experiments in the top right quadrant (9 %) used instructional 
materials that had less explicit redundancy and the instructional materials were 
presented in a holistic, high element interactivity format (e.g., Leahy et al., 2003, 
Experiment 2). 
 
By examining the instructional material used in the three experiments incorporated in 
the present thesis, it was found that: firstly, the instructional material was characterised 
by using less explicit source of redundant information, in the three experiments the 
redundancy was a form of elaboration. That is, the bottom text boxes of each pair of the 
text boxes on the diagram of the water cycle elaborated on part of the to-be-learned 
information, i.e., only on the diagrammatic information, not text (see Figure 7.2 for an 




Figure 7.2: An example of one pair of the text boxes that were overlayed on the diagram 
of the water cycle  
 
Secondly, it was found that the instructional material was presented in a holistic, high 
element interactivity format. Thus, the three experiments of the current thesis were 
situated in the top right quadrant (see Figure 7.1), where the least number of 
experiments are. Thus, it can be inferred that one reason for the results of the present 
thesis only suggesting evidence for redundancy effect and potential for self-
management of redundancy is due to these characteristics of the instructional material. 
That is, the instructional material of the current thesis used a less explicit type of 
redundancy (i.e., a form of elaboration) and a high element interactivity format of 
presentation (holistic presentation). While there are other 3 experiments located in the 
top right quadrant, these experiments were still different to the experiments of the 
current thesis. Firstly, whilst Leahy et al.’s (2003, Exp 2) instructional material had 
partial repetition, the instructional material of the current thesis’s experiments used a 
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form of elaboration. Secondly, whilst the instructional materials used in Yeung et al. 
(1998, Experiments 4 & 5) and in the 3 experiments of the present thesis used redundant 
information in a form of elaboration on the to-be-learned information, they are still 
different. The redundant information used in Yeung et al. (1998, Experiments 4 & 5) 
elaborated on the written text (story) by providing written vocabulary meanings that 
were redundant for some types of learners (novice/ expert) and learning goals 
(vocabulary/ text comprehension). However, the written text used as redundant 
information (provided in the bottom text boxes of each of the seven pairs of text boxes) 
in the 3 studies of the current thesis elaborated on the diagrammatic information (step 
number, arrows).  
 
While the written text provided in the bottom text boxes of each of the seven pairs of 
text boxes in the current thesis’s instructional material was meant to be redundant, in 
fact, it might have	offered guidance as to where to look in the diagram and hence might 
have not been actually redundant for the students. Thus, the instructional material used 
in the current thesis is different to the instructional materials used in the other 
experiments located in the top right quadrant in that information provided may have not 
been redundant.  
 
The present thesis’s instructional material is also different to instructional materials 
used in the other experiments located in the other 3 quadrants in that: compared to 
experiments in the bottom right quadrant, it was not presented in a segmented format. 
Compared to experiments in the bottom left quadrant, it was not an explicit type of 
redundancy as it did not present total repetition of the to be learned information, and 
was not presented in a segmented format. Finally, compared to experiments in the top 
	 224	
left quadrant, again it was not an explicit type of redundancy as the material did not 
present total repetition of the to be learned information.  
 
To summarise, the instructional materials used in the three experiments incorporated in 
this thesis align with the top right quadrant of Figure 7.1. That is to say, the 
instructional materials of the current thesis used a less explicit type of redundancy, 
which was a form of elaboration and represented a high element interactivity format of 
presentation, i.e., a holistic presentation. Thus, it can be inferred that these 
characteristics of the instructional materials could be one reason for the results of the 
present thesis only suggesting evidence for redundancy effect and potential for self-
management. However, whilst there are other 3 experiments located in the top right 
quadrant, these experiments were still different to the experiments of the current thesis. 
The other three experiments in this quadrant either used partial repetition (while the 
three experiments of the current thesis used a form of elaboration) or used a form of 
elaboration that was on written text (while the three experiments of the current thesis 
used a form of elaboration on diagrammatic information). The written text (i.e., bottom 
text boxes) used in the current thesis as redundant information might have not been 
actually redundant for the participants. The present thesis’s instructional material is also 
different to instructional materials used in the other experiments located in the other 3 
quadrants as detailed above. 
 
In addition to the findings from this further analysis, as stated in the results of 
Experiments 1, 2 and 3 of the current thesis, the performance scores showed that, on 
average, students did not perform very well, which indicates that the intrinsic load of 
the instructional material was high. Whilst based on CLT high element interactivity 
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material needs to be used to test different effects of CLT, it seems that the materials 
used in the present study were too high in element interactivity and thus might have 
made it too difficult for the students to understand the materials. 
 
Based on the findings of the above analysis in regards with types of redundancy, the 
evident redundancy in the instructional materials used in the current thesis was a type of 
elaboration. This is more nuanced or complex form of redundancy. Future research 
about the self-management of redundancy should focus on examining self-management 
of redundancy using a more explicit and ‘extreme’ type of redundancy, such as, total 
repetition of the to-be-learned information, first, before examining more nuanced forms 
of redundancy as conducted in this study.  
 
7.5	Implications	for	cognitive	load	theory	research	
There are five implications for cognitive load theory research that can be drawn from 
this thesis. First, the focus of CLT has been on how instructional designers can provide 
learners with optimal instructional materials that is instructor-managed cognitive load. 
However, there has been little research about empowering learners so that they are able 
to manipulate instructional materials so they can reduce redundancy, hence extraneous 
load. The current thesis investigated how to empower learners to self-manage their 
cognitive load, by managing redundant information, hence the research represents a 
novel aspect of research for the CLT field.   
 
Second, self-management of cognitive load has been, to date, exclusively focused on the 
split-attention effect. The present thesis is the first research project to explore self-
management of redundancy. The discussion presented above in Sections 7.4.2 and 7.4.3 
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shows that redundancy effect is a more complicated and variable effect than split-
attention effect. Thus, if the results of the current thesis demonstrate self-management 
of redundancy effect, this would extend self-management of cognitive load research to 
another CLT effect. The results of the current thesis suggested that there maybe 
potential for students to self-manage the redundancy effect. This may necessitate 
continuation of research on self-management of redundancy to strengthen the findings 
and exploring other numerous CLT effects. 
 
Third, as in previous self-management of cognitive load research, compliance measures 
proved to be a useful tool in the present thesis. Compliance measures were first used by 
Roodenrys et al. (2012) and have continued to be used in subsequent research (e.g., 
Agostinho et al., 2013; Gordon et al., 2016; Roodenrys et al., 2012; Sithole et al., 2017; 
Tindall-Ford et al., 2015) to determine whether the group that self-managed cognitive 
load has used the guidance provided and/or to what extent. If this tool were not 
available, it would not readily be possible to gauge use of guidance. Thus, further 
research on self-management of cognitive load should continue to use this useful tool. 
 
The fourth implication is measuring cognitive load. The instrument to measure 
cognitive load used in the current thesis did not constantly yield significant results. The 
major challenge involved measuring cognitive load in children. Several modifications of 
the original Paas’s (1992) scale have been attempted in research involving children. 
This issue requires further attention by cognitive load theory research to develop a 
reliable tool for measuring children’s perceived cognitive load. In the current thesis two 
subjective measure of cognitive load, which were modified versions of Paas’ (1992) 
measure, were used in an attempt to gauge invested mental effort. Mental effort ratings 
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were measured for learning the instructional material and for answering the post-test 
questions. In Experiment 1 a revised 9-point scale implemented in Gordon et al.’s 
(2016) study was adopted. Gordon et al. (2016) adapted Paas’s original scale to make it 
more understandable and easy to use by children by adding two design features 
delineating the two extreme points of the scale. Two emotion icons were added, which 
represented the highest (a very angry face with a frown, a pencil in the mouth and a 
hand on a cheek) and lowest (a very happy face and a thumb pointing up) points of the 
scale. In addition, the numbers on the scale were shaded, with the highest point shaded 
black color and the lowest point shaded white, with gradation of gray color shading for 
the points in between. 
 
In Experiments 2 and 3, a 5-point task difficulty scale, which was adapted from Hu et 
al.’s (2015) study, was used (see Figure 5.1). The five points on the scale were 
presented with five emotion faces that ranged from a very smiley face, smiley, neutral 
and angry face, to a very angry face. Two expressions were used to help students 
understand the faces, with the first face having the expression “Very easy” and the fifth 
face having the expression “Very difficult” placed under them. Instructions provided 
above the scale asked participants to rate how easy or hard the task was once they have 
finished it. However, mental effort results from Experiment 2 did not show any 
significant differences between the three compared conditions. A possible reason for 
this may be due to the fact that the 5-point scale used was not an exact replica of the Hu 
et al.’s (2015) scale. The 5-point scale used in Experiments 2 and 3 differed from Hu et 
al.’s (2015) scale in that it added more emotion faces and removed the numbers. These 
two changes were performed to make the scale more understandable and user-friendly 
for children, based on the CLT expert review.   
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Fifth, further research into self-management of redundancy needs to start with ‘more 
obvious’ forms of redundancy in instructional materials than what was evident in the 
current thesis. The current study used a form of elaboration for redundancy in the 
instructional material, however, future research in self-management of redundancy 
should be conducted using more extreme versions of redundancy, that is, total repetition 
of the to-be-learned information. Based on the results, the research could then progress 
to examining the different types of redundancy. The present thesis created an analytical 
tool that was used to classify the type of redundancy applied in both previous 
redundancy effect research and in this study. This two-axis analytical tool could be used 
to guide future research examining self-management of redundancy to use more 
extreme form of redundancy first, i.e., that which was applied in the research that sits in 
the left two quadrants. 
 
7.6	Limitations	of	the	present	thesis		
A key limitation of this study was the small sample sizes in all the three experiments. 
Although more schools were included and incentive (in the form of canteen vouchers) 
was used in an attempt to recruit more participants, participation was still limited. This 
might have been due to dealing with children in an authentic environment, i.e., schools. 
Working with children in schools requires consent from schools, parents and children 
and with schools focused on meeting national curriculum outcomes and national testing 
regime it is becoming increasingly difficult to conduct research in Australian schools. 
Sciarra (1968) suggested that researchers should be understanding and work closely 
with the personnel of the school to reach mutual understanding. However, providing 
stronger evidence for both the redundancy effect and self-management of redundancy 
may require larger sample sizes than what was available for this present research study.  
	 229	
Another limitation was the duration of the experiments. The current study was restricted 
based on each of the schools’ available time and students’ to be outside of their usual 
class. It was important for the school that the experiments did not take up too much of 
students’ time; hence the experiments were restricted to a 40-50 minutes lesson periods. 
As stated above, with schools focused on meeting national curriculum outcomes and 
national testing regime conducting research in Australian schools is becoming 
increasingly difficult.  
 
A third limitation is the actual strategy to help schemas develop for the application of 
self-management strategy. The problem is that it is not known whether students have 
really followed the self-management strategy to remove the redundant text boxes from 
the instructional material. Students might have not selected to remove the redundant text 
boxes based on comparing them to each other and the diagram. Possibly they might 
have seen a pattern for the redundant text boxes and removed them based on this 
pattern. In future experiments, for example, it may be worth mixing up the text boxes so 
there is no clear pattern for redundant text boxes.  
 
7.7	Directions	for	further	research	
The results of the experiments incorporated in this thesis showed some support for 
potential for teaching students how to manage their cognitive load resulting from 
dealing with instructional materials with obvious redundancy. However, this thesis 
study is an early step in research conducted on self-management of redundancy, and 
thus further strengthening of the results is still needed. 
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 For the immediate short-term future, further research replicating the experiments 
included in the present thesis needs to first start with a more explicit, extreme type of 
redundancy in the instructional materials, that is, total repetition of the to-be-learned 
information, then progress to examine different forms of redundancy.  
 
For the long-term future, firstly, further research into self-management of redundancy 
could, look into other domains. While this thesis focused on teaching primary school 
students how to self-manage redundancy in science materials, future research can, for 
example, use instructional materials on mathematics or reading comprehension. This 
would provide further understanding of how students can manage their cognitive load.  
 
Secondly, future research can include a phase to test the transferability of the self-
management technique of redundancy effect to a new domain. That is, presenting 
participants with a new set of instructional material designed according to their assigned 
conditions, but without providing guidance to the redundancy with guidance condition 
and see if those taught to self-manage (i.e., redundancy with guidance) do better than 
those in the other two conditions (i.e., redundancy and redundancy-free conditions). A 
study by Sithole et al. (2017) conducted an experiment to test the transferability of the 
technique of self-management of split-attention (which was taught in a previous 
experiment) to a new domain. The study showed that when provided with new learning 
material, the self-management format obtained significantly higher test scores in all 
performance measure. The current study did not include a phase to test for 
transferability of self-management technique due to time limitations, that is, this would 
have needed more time with the students to conduct the experiment.  
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Thirdly, another potential area of further research into self-management of cognitive 
load could be examination of other numerous CLT effects, for example, modality effect. 
Extending the research on ways of guiding students to use CLT principles to manipulate 
instructional materials that are not in line with CLT has the potential to improve 
students learning. However, before investigating self-management of cognitive load of 
other CLT effects, it is necessary to first investigate more closely the relationship 
between self-management, redundancy, students’ prior knowledge and expertise in 
order to better understand self-management of redundancy. 
 
The measurement instrument used to measure cognitive load experienced by the 
students in the three experiments conducted in the current thesis did not constantly yield 
significant results. The problem of measuring cognitive load in children is not exclusive 
to the present thesis as it has been a challenge for CLT research and one that has been 
broadly discussed in the literature (e.g., Hu et al., 2015). An area that should be 
considered in future research on cognitive load theory is measurement of cognitive load 
in children. Development of a reliable tool for measuring cognitive load in children 




The limitations of WM capacity impose substantial constraints on learning. To counter 
the limitation of WM cognitive load theory has generated a number of instructional 
procedures that aim at making optimal use of WM resources by managing cognitive 
load. Self-management of cognitive load is a recent extension to CLT research. The 
current thesis investigated the effectiveness of teaching students how to self-manage 
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extraneous cognitive load when presented with instructional materials with evident 
redundancy, hence this is a novel approach to CLT research. 
 
The experiments reported in this thesis suggest there is potential in allowing students to 
self-manage the redundancy effect. Future directions for cognitive load research include 
immediate short-term and long-term suggestions. For the immediate short-term future, 
research investigating the effectiveness of self-management of redundancy effect needs 
to first start with a more explicit, extreme type of redundancy in the instructional 
materials, that is, total repetition of the to-be-learned information, then progress to 
examine different forms of redundancy.  
 
For the long-term future, further research could investigate the following:  
1- Self-management of redundancy effect research could look into other domains, for 
example, use instructional materials on mathematics or reading comprehension.  
2- The transferability of the self-management technique of redundancy effect to a new 
domain. 
3- Examination of other numerous CLT effects, for example, modality effect. However, 
before this would occur, better understanding of self-management of redundancy is 
needed by first investigating more closely the relationship between self-management, 
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Investigate how students can self-manage their cognitive load to support their 
learning. Cognitive load refers to the amount of mental processing that a learner 




























































































































• The training material was presented on an A3 sheet of paper. While the training 
materials for the three conditions (redundancy, redundancy-free and redundancy 
with guidance) are presented in one booklet in the Appendix, each booklet in the 


























• The instructional material was presented on an A3 sheet of paper. While the 
instructional materials for the three conditions (redundancy, redundancy-free 
and redundancy with guidance) are presented in one booklet in the Appendix, 




































1) Introduction to the Sessions  
[3-5 minutes] 
 
 (Once in each of the two classes on the first day before commencement of the sessions 
while sitting down with the students) 
 
Good morning/afternoon everyone. My name is Faisal. You can call me Mr. Faisal. I 
am a researcher at the university of Wollongong. How many know where the university 
of Wollongong is.  
 
Thank you for participating in my research study.  
 
I am doing research as part of my study. What is research? We need to find out 
information so we can help improve your education.  
 
Today I am going to start testing my experiment that I will be doing with all the 
students in Year 5 and Year 6 at this school, over the coming couple of weeks.  
 
The purpose of my experiment is to find out how to present information effectively.  
 
So, I will give you two science pictures to study, followed by a short quiz on the second 
picture to check how good the picture was. My experiment has three different groups 
and I have randomly put each of you in one of those three groups.  Each group will be 
studying two pictures that are different to other groups’ pictures.  
 
Ø Explain what the test is for/requests/importance of their participation/how they 
benefit 
1. This is NOT a test of your ability/ how smart you are (it is only about how 
good the picture is) 
2. Answering honestly (I have got some materials that I am going to give you. I 
want you to answer honestly) 
3. Quiz has NOTHING to do with your schoolwork 
4. Peers & teachers will NOT know about results 
5. YOU ARE HELPING ME in my study 
6. Benefit for students (You are going to learn about a Science topic that you will 




Ø More information in the session/ thank you for participation  
 
 
2) Phase 1: Training phase 
[About 22 minutes]  
(While sitting down in the group to make students feel comfortable) 
 
2.1) Summary  
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Good morning/afternoon. Thank you again for your participation! My name is Faisal. 
You can call me Mr Faisal. I hope this is going to be a bit of fun!  
 
For today’s experiment you will be working through two booklets and having a short 
quiz. Here is a summary of what we are going to do:  
 
1- We will be working on the first booklet. I will explain to you what mental effort 
is and show you how to use a mental effort scale to indicate how much mental effort 
you had to study a science picture.  
 
2- Then, I will train you on some instructions so you understand what learning 
strategy you are going to use to study a science picture.  
 
3- Following this, we are going then to work on the second booklet where you will be 
using the SAME learning strategy to study another science picture.  
 What we are going to do will take about 45 minutes 
  
 
[Distribute the training booklets and check that each student’s booklet matches their ID 
number from the randomisation sheet]. This is the first booklet that you will be 
working through today. You are going to individually study a picture on a science 
topic and I will be telling you what you need to do. We are going to work through it 
together, so it is IMPORTANT THAT YOU DO NOT LOOK AHEAD until I ask 
you to.   
 
This is practice for the second booklet, which you are going to work through for the 
ACTUAL EXPERIMENT after finishing this practice.  I REALLY want you to 
understand what we are going to cover in this practice because you are going to do 
EXATLY the SAME when studying the second science picture in the second booklet 
for the ACTUAL EXPERIMENT. 
 
2.2) Mental Effort Scale 
Now, can you please turn to the second page in your booklet. This is a mental effort 
rating scale So, What is mental effort? It is the amount of thinking you use when you do 
an activity. And mental effort rating scale is used to measure this by asking you to 
indicate the amount of thinking you believe/feel you have when doing an activity, so it 
is YOUR belief and feeling. You will be using this scale a number of times in the 
experiment in the second booklet. So, let’s see how it works (Page 2 of booklet). 
 
If you look at the scale, you will see that it goes from 1, very, very low mental effort, to 
9, very, very high mental effort. Here is an example. In your head, can you please work 
out what is 4 + 1? {Prompt students to give their answers} . Now, how much mental 
effort (thinking) did you have to use to work this out? {Prompt students to circle a 
number on the scale and give their answers}. Yes, so you only needed to use low mental 
effort. Now, in you head again, can you please work out what is 371 + 434? {Prompt 
students to give their answers}. Now, how much mental effort (thinking) did you have 
to use this time to work this out? I expect this question to be harder than the first one 
and therefore should have different mental effort. {Prompt students to circle a number 
on the scale and give their answers}. Yes, so you needed to use very high mental effort. 
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Does this make sense? So, REMEMBER that you will be using this scale a number of 
times in the experiment in the second booklet.  
 
Now before we move on to the next activity, do you have any questions? (Make sure 
students understood the scale) 
 
 
2.3) Self-Management Skill: Only applies to redundancy with guidance condition  
 
But, before you study the second picture for the actual experiment, I would like to 
quickly teach you an effective skill that can help you understand and remember better 
when you study the picture. Now, can you please turn to the third page in the booklet. It 
is an A3 sheet of paper that you need to unfold to open. So, here is a picture of blood 
flow through the heart, lungs and body with information (Page 3 of booklet). Draw 
students’ attention to: 1) the fact that the left and right sides of the picture are 
reversed, and therefore the left side indicates the right and vice versa. This is because 
the picture refers to the sides of our body. {Put the picture on your body and show. 
Explain: so the picture does not have a mistake}, 2) the cut-out paper text boxes that are 
stuck with blue- tack, which they will need to move some of them in the activity and 3) 
the bottom margin of he page is for sticking the boxes that you will remove. Now can 
you please read the instructions on top. When you finish, I will then explain them to 
you and walk you through the activity. 
 
Now, I will explain the instructions for you and walk you through this activity. So, let’s 
start. The are 3 instructions:  
 
1- {Instruction 1} Look at the picture and read ALL the text boxes in the order shown. 
This means you MUST look at the picture and read all the text boxes from 1 to 4 while 
reading EVERY single word in the text boxes. So, you need to look at the picture, see 
where no 1 is and read it. Then, do the same with text boxes no. 2, 3 and 4 to make it 
very clear for the students}. You may think it is a lot of reading, but make sure you read 
all the text boxes even if you think you know the information they have, as it could be a 
test question in the real experiment. Now read ALL the text boxes in the order shown 
while looking at the picture. 
 
2- {Instruction 2} Read ALL the text boxes again and REMOVE any text boxes that are 
not useful to understand blood flow through the heart, lungs and body. Let’s look at the 
first one {Read it to the students, then point to the text box that needs to be removed 
and say “this is the text box that is not useful because it is just describing what is 
already shown in the picture like the numbers and arrows”, then remove it to the bottom 
of the page, and say “we will remove it and put it in this area”} Explain that you 
remove the none useful text boxes so you do not waste your thinking space reading 
none useful information. This leaves more space in your brain to learn the picture. {Do 
the same for text boxes no. 2 and 3 and prompt students to give you answers about 
which text boxes should be removed and why}. Then ask the students to do box 
number 4 on their own {go around to check and ask why they chose that text box to be 
removed and correct them if they remove the wrong text box}  
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3- {Instruction 3} Now look at the picture and ONLY read the text boxes that are left. 
This means that after you have removed the text boxes that are not useful, you need to 
look at the picture and ONLY read the text boxes that are left (in the order shown). 
 
2.4) Studying the picture 
 Only applies to redundancy condition & redundancy-free condition 
 
But, before you study the second picture for the actual experiment, I would like to 
quickly teach you what you need to do to help you UNDERSTAND AND 
REMEMBER when you study the picture. Now, can you please turn to the third page 
in the booklet.  It is an A3 sheet of paper that you need to unfold to open. So, here is a 
picture of blood flow through the heart, lungs and body with information (Page 3 of 
booklet). Draw students’ attention to the fact that the left and right sides of the picture 
are reversed, and therefore the left side indicates the right and vice versa. This is 
because the picture refers to the sides of our body. {Put the picture on your body and 
show. Explain: so the picture does not have a mistake}. Can you please read the 
instructions on top. When you finish, I will then explain them to you and walk you 
through the activity.  
 
Now, I will explain the instructions for you and walk you through this activity. So, 
let’s start. There are 3 instructions:  
 
1- {Instruction 1} Look at the picture and read ALL the text boxes in the order shown. 
This means you MUST look at the picture and read ALL the text boxes from 1 to 4 
while reading EVERY single word in the text boxes. So, you need to look at the 
picture, see where no 1 is and read it. {Then, do the same with text boxes no. 2, 3 
and 4 to make it very clear for the students and do the same with instruction 2 and 
3 but briefly}. You may think it is a lot of reading, but make sure you read ALL the 
text boxes even if you think you know the information they have, as it could be a 
TEST QUESTION in the real experiment. Now read ALL the text boxes in the order 
shown while looking at the picture.  
 
2- {Instruction 2} Read ALL the text boxes again to understand blood flow through the 
heart, lungs and body. This means that you MUST read ALL the text boxes from 1 to 
4 {Ask the students to read all the information for the second time while looking at the 
picture}.  
 
3- {Instruction 3} Now please look at the picture and read ALL the text boxes for the 
third time. This means that you MUST look at the picture and read ALL the text boxes 
from 1 to 4 (in the order shown).  
 
2.5) Concluding Training Phase:  
Good on you! You have now finished practicing for the second booklet, which you are 
going to work through for the actual experiment. Please REMEMBER that you are 
going to use the SAME learning strategy to study the picture in the second booklet for 
the actual experiment, and REMEMBER you are going to do this by YOURSELF, 
without my help. {Explain that I am not allowed to talk to them in the real experiment}. 
{Re-explain briefly the learning strategy that they need to use}. [Collect the training 
booklets from the students]. 
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 [Show the second booklet] This is the second booklet that you will be working through 
today for the actual experiment.  
As I told you before… Reiterate the 6 highlighted points above on first and second 
page). 
 
Before I give you the second booklet, there are three important instructions that I 
want to give you, so the experiment goes smoothly. 
 
1- Please DO NOT look at each other’s work – I am interested in how you respond 
and this is not a test of your ability in any way. It is for me to find out what way of 
presenting information is better for you to learn.  
 
2- DO NOT open your booklet until I tell you to. It is important that you DO NOT 
look ahead in the booklet until you are told to, as everyone has to be on the same page 
at the same time. 
 
3- The experiment will be done in TEST CONDITIONS. So, I am not going to talk 
and it is important that you remain silent during the experiment.  
 
[Distribute the 8-page instructional booklets and check that each student’s booklet 
matches their ID number from the randomisation sheet]. 
 
 
3.2) Identifying prior knowledge 
[2 minutes]  
 
You are going to individually study a picture on the water cycle, but before you study 
the picture, I want to know how much you already know about this topic, So please 
turn to the second page in your booklet {hand out pens and ask the students to fill out 
the information about their age and gender and make sure they have done this} Please 
write down on this picture ANYTHING you know about the water cycle. You have 2 
minutes to do this {Watch the time and alert students when 15 seconds are left}. 
 
3.3) Learning the material 
[8 minutes] 
 
Now you are going to study a picture on the water cycle and then complete a quiz on 
how much information you understood and learned from studying the picture. You 
might have learned about the water cycle before, but the picture I am giving you is year 
7 and year 8 material, so the quiz questions will be harder. So, it is important that 
you study the picture carefully by using the same learning strategy that we used to 
study the blood flow picture for practice, EXACTLY the SAME (Emphasise that by 




Before you start studying the picture, the first thing you should do is to carefully read 
the instructions on top of the page. Now, can you please turn to the next page in the 
booklet (page 3). It is an A3 sheet of paper that you need to unfold to open. Ok, now 
begin studying the picture. You will be given 8 minutes to study the picture {Watch the 
time and alert students when 15 seconds are left}. 
  
3.4) Mental Effort Scale: 
OK. You need to stop now. Can you please fold the page back in half again and turn to 
the next page on your booklet. I want you now to circle one number on the mental 
effort scale to show how much mental effort you used to study the picture. 
REMEMBER it is about YOUR belief and feeling. You will have a moment to do this 
{Make sure students have put a number on the scale}. 
 
3.5) Post-test  
[12 minutes] 
 
This is the last part of the experiment, which is the quiz.  Before you take the quiz, I 
would like to ask you to do your best, as I need to see which of the pictures that the 
three groups studied was helpful. But as I told you before, don’t worry as the quiz is not 
to show how smart you are, but it is about how good the picture is, and your peers and 
teachers will not know your result. The quiz has 3 pages and everyone MUST be on the 
same page at the same time. You have 5 minutes to answers the questions on the first 
page. When you have finished, stay on the same page and check your answers. Do not 
turn to the second page until you are told to. So, you only can turn to the next page 
when I ask all of you to stop and turn to the next page. Now, please turn to the first page 
and start answering [5 minutes]. Ok, it is time stop. Well done so far! You have 4 
minutes to answer the questions on the second page of the quiz. You are not allowed to 
turn to the previous page and do changes to your answers, or turn to the following 
page. Now, please turn to the second page and start answering [4 minutes]. Ok, it is 
time stop. We are about to finish. You have 3 minutes to answer the questions on the 
last page of the quiz. But again, you are not allowed to turn to the previous pages 
and do changes to your answers [3 minutes].  Now it is time to stop. {Watch the time 
and alert students when 15 seconds are left for all the components of the post-test} 
 
3.6) Mental Effort Scale: 
Can you please turn to the next page on your booklet. I want you now to circle one 
number on the mental effort scale to show how much thinking you used to answer the 
quiz questions. REMEMBER it is about YOUR belief and feeling.  You will have a 




Thank students for taking part in the experiment and how much you appreciate their 
help in the study. Ask students not to share the information that they see with anyone 







For Experiments 2 and 3 (Part 1), the post-test items (6 short-answer questions) only 
totaled 19 marks (instead of 26 in Experiment 1) and Question 1 only comprised part 1a 
of Question1 of Experiment 1 and totalled 7 marks (instead of 14 in Experiment 1). 
 
For Experiment 3 (Part 2), the test items (only four short-answer questions) only 
totalled 12 marks and were assessed similar to assessment of the four corresponding test 




























- Spelling: Correct beginning and 
end of sounds 
 
- Correctly identifies on the 
diagram, the terms: 






• Surface run-off 
 
• Due to the young age of 
the participants and thus 
varied reading/ spelling 
abilities, there was a 
need for leniency when 
marking spelling 
attempts on the recall 
task. Students spelling 
phonetically would 






























understanding of the 
concepts of:  
 
• Sun/ Heat source – e.g., it 
heats up water and plants/ 
earth 
• Evaporation – e.g., water 
rising/ sun as a cause of 
evaporation 
• Transpiration – e.g., water 
evaporates from plants/ loss of 
• Due to the young age of 
the participants. 
 
• The question asked 
students to ‘briefly 
explain’ each process. 
Thus the students needed 
to identify the key 
element of the process to 
receive the mark. 
 
• ‘E.g.’ was used to 
account for students’ 
variable ways of 
explanation of the 
	 278	
water from leaves 
• Convection – air currents carry 
the gas 
• Condensation – e.g., water 
evaporates to the cloud and 
turns into water droplets/ gas 
turns into clouds 
• Precipitation – e.g., clouds 
become too heavy/ full and it 
rains/ rain falls  
• Surface run-off – e.g., water 
























understanding of the key 




• Water vapour cools 
• Gas turns into liquid/ clouds 
• Water droplets form/clouds get 
bigger as more water is 
collected 
 
• This question was 
testing understanding of 
cloud formation, with 
condensation as the key 
process involved. Marks 




such as evaporation.  
 
• Also, marks were not 




as the question asks to 
‘Explain’.  
 
• ‘For example’ was used 
to account for students’ 
variable ways of 
explanation of the 
process.  
  
3 (1 mark) 
 
What is the 



















• Correct beginning and end 
sounds of the term: 
     Transpiration 
 










- Demonstrating that water 
falls, e.g., 
 
• Water falling to the earth/ 
when rain falls 
• E.g.’ was used to 
account for students’ 
variable ways of 































• Change in state: for example, 
water vapour turns to liquid/ 
gas forms water droplets/ 
condensation 
• ‘For example’ was used 
to account for students’ 
variable ways of 
explanation of the 
process.  
 
• Students could arguably 
draw upon prior 
knowledge (i.e., having 
showers) to identify 
water turning to gas as 
the initial stage. Thus, 
although a complex 
question, marks were 
only awarded for 
identifying the change in 
state from gas to liquid. 
 
6 (6 marks) 
 





The pot is 
covered 







the water as 













• Draws water evaporating e.g., 
arrows pointing up from water 
• Draws water droplets on lid 
• Draws water falling e.g., 
arrows pointing down 
• Identifies evaporation/ water 
vapour rises 
• Identifies condensation/ water 
droplets forming 
• Identifies precipitation/ water 
from lid going back into the 
pot 
• E.g.’ was used to 
account for students’ 
variable ways of 
explanation of the 
process. 
 
• Drawing had to evidence 
transfer knowledge, i.e., 
understanding of water 
cycle processes. Thus 
students had to draw and 
describe water droplets 
forming to receive those 
marks. Marks were not 
awarded to shading the 
lid or describing the 
process as ‘foggy’, as 
this suggested drawing 
upon prior knowledge of 
water boiling in a pot. 
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Post- test total marks = 26 
Recall = 7 (Question 1a) 
Near-transfer = 12 (Questions 1b, 2, 3 and 4) 
Far-transfer = 7 (Questions 5 and 6) 
 
Prior knowledge identification total marks = 14 








• The training material was presented on an A3 sheet of paper. While the training 
materials for the three conditions (redundancy, redundancy-free and redundancy 
with guidance) are presented in one booklet in the Appendix, each booklet in the 
experiment contained material for one of the three conditions. 
 
For Experiments 2 and 3, Part 1:   
 
• The training material of the redundancy with guidance condition contained a 
revised guidance that instructed students to remove the redundant text boxes 

















• The instructional material was presented on an A3 sheet of paper. While the 
instructional materials for the three conditions (redundancy, redundancy-free and 
redundancy with guidance) are presented in one booklet in the Appendix, each booklet 
in the experiment contained material for one of the three conditions. 
 
For Experiments 2 and 3, Part 1:   
 
• The instructional material of the redundancy with guidance condition contained a 
revised guidance that instructed students to remove the redundant text boxes from the 
first time of reading the instructional material. 
 


















































1) Introduction to the Sessions  
[2-3 minutes] 
Good morning/afternoon everyone. My name is Faisal. You can call me Mr. Faisal. I 
am a researcher at the university of Wollongong. How many know where the university 
of Wollongong is.  
 
Thank you for participating in my research study.  
 
I am doing research as part of my study. What is research? We need to find out 
information so we can help improve your education.  
 
Today I am going to start testing my experiment that I will be doing with all the 
students in Year 5 and Year 6 at this school, over the coming couple of weeks. So, it is 
important not to tell your classmates about what you see here because this can affect the 
experiment badly. 
 
The purpose of my experiment is to find out how to present information effectively.  
 
So, I will give you two science pictures to study, followed by a short quiz on the second 
picture to check how good the pictures was. My experiment has three different groups 
and I have randomly put each of you in one of those three groups.  Each group will be 
studying two pictures that are different to other groups’ pictures.  
 
Ø Explain what the test is for/requests/importance of their participation/how they 
benefit/ their ability to withdraw if become not interested  
7. This is NOT a test of your ability/ how smart you are (I am interested in you 
opinion and what you think, the test is about how good the picture is) 
8. Answering honestly (I have got some materials that I am going to give you. I 
want you to answer honestly) 
9. The quiz has NOTHING to do with your schoolwork 
10. Peers & teachers will NOT know about results 
11. YOU ARE HELPING ME in my study 
12. Benefit for students (You are going to learn about a science topic that you will 
need to learn for school anyway. So, you are helping me and learning in the 
same time) 
 
13. This is just a research and you DO NOT have to take part. So, if at ANY 
TIME you become not interested or feel uncomfortable and would like to stop 
participating, just tell me or tell your teacher. This will not make me or your 
school upset at all.  
 
I hope this is going to be a bit of fun! 
 
2) Training phase 
[About 20 minutes]  
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2.1) Summary  
For today’s experiment you will be working through two booklets and having one 
short quiz. Here is a summary of what we are going to do:  
 
1- First, we will be working on the first booklet. I will train you on some 
instructions so you understand what learning strategy you are going to use to study a 
science picture.  
 
2- Then, I will explain to you what a task difficulty scale is and show you how to use 
it to indicate how easy or hard studying a science picture is. 
 
3- Following this, we are going then to work on the second booklet where you will be 
using the SAME learning strategy to study a second science picture.  
 What we are going to do will take about 45 minutes. 
 
[Distribute the training booklets and check that each student’s booklet matches their ID 
number from the randomisation sheet]. This is the first booklet that you will be 
working through today. You are going to individually study a picture on a science topic 
and I will be telling you what you need to do. We are going to work through it 
together, so it is IMPORTANT THAT YOU DO NOT LOOK AHEAD until I ask 
you to.   
 
This is practice for the second booklet, which you are going to work through for the 
ACTUAL EXPERIMENT after finishing this practice.  I REALLY want you to 
understand what we are going to cover in this practice because you are going to do 
EXATLY the SAME when studying the second science picture in the second booklet 
for the ACTUAL EXPERIMENT. 
 
2.2) Studying the picture (Only applies to the redundancy with guidance condition) 
 
But, before you study the second picture for the actual experiment, I would like to 
quickly teach you an effective skill that can help you understand and remember better 
when you study the picture. Now, can you please turn to the second page in the booklet. 
It is an A3 sheet of paper that you need to unfold to open. So, here is a picture of some 
parts of the iPad with information (Page 2 of booklet). Draw students’ attention to the 
cut-out paper text boxes that are stuck with blue- tack, which they will need to remove 
some of them in the activity. Now can you please read the instructions on top. When 
you finish, I will then explain them to you and walk you through the activity. [1 
minute] 
 
Now, I will explain the instructions for you and walk you through this activity. So, let’s 
start. There are 3 instructions:  
 
 
1- {Instruction 1} Look at the picture and read ALL the text boxes in the order 
shown.  As you do this, REMOVE any text boxes that are not useful.{Read it to the 
students then explain}. Explain that this means you have to do two things: 1) you 
MUST look at the picture and read all the text boxes from 1 to 4 while reading EVERY 
single word in the text boxes. So, you need to look at the picture, see where no 1 is and 
read it; 2) while you are reading each pair of text boxes, you need to remove the text 
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box that you think not useful. {Then, do the same with text boxes no. 2, 3 and 4 to make 
it very clear for the students}. {Point to the text box that needs to be removed and say 
“this is the text box that is not useful because it is describing what is already shown in 
the picture”, then remove it to the bottom of the picture, and say “we will remove it and 
put it in this area”} {Do the same for text boxes no. 2 and 3 and prompt students to give 
you answers about which text boxes should be removed and why}. Then ask the 
students to do box number 4 on their own {go around to check and ask why they chose 
that text box to be removed}  [2 minutes] 
 
2- {Instruction 2} Now ONLY read the text boxes that are left to understand the 
parts of the iPad. This means that after you have removed the text boxes that are not 
useful, you need to look at the picture and ONLY read the text boxes that are left (in the 
order shown). But again you MUST look at the picture and read all the text boxes that 
are left from 1 to 4 while reading EVERY single word in the text boxes. So, you need 
to look at the picture, see where no 1 is and read it. Then, do the same with text boxes 
no. 2, 3 and 4 to make it very clear for the students}. You may think it is a lot of 
reading, but make sure you read all the text boxes even if you think you know the 
information they have, as it could be a test question in the real experiment. Now read 




3- {Instruction 3} Look at the picture and ONLY read the text boxes that are left 
again. This means that you MUST look at the picture and read all the text boxes that are 




2.3) Studying the picture (Only applies to redundancy condition & redundancy-free 
condition) 
 
But, before you study the second picture for the actual experiment, I would like to 
quickly teach you what you need to do to help you UNDERSTAND AND 
REMEMBER when you study the picture. Now, can you please turn to the second 
page in the booklet.  It is an A3 sheet of paper that you need to unfold to open. So, here 
is a picture of the parts of the iPad with information (Page 2 of booklet). Can you please 
read the instructions on top. When you finish, I will then explain them to you and walk 
you through the activity.  
 
Now, I will explain the instructions for you and walk you through this activity. So, 
let’s start. There are 3 instructions:  
 
1- {Instruction 1} Look at the picture and read ALL the text boxes in the order shown. 
This means you MUST look at the picture and read ALL the text boxes from 1 to 4 
while reading EVERY single word in the text boxes. So, you need to look at the 
picture, see where no 1 is and read it. {Then, do the same with text boxes no. 2, 3 
and 4 to make it very clear for the students and do the same with instruction 2 and 
3 but briefly}. You may think it is a lot of reading, but make sure you read ALL the 
text boxes even if you think you know the information they have, as it could be a 
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TEST QUESTION in the real experiment. Now read ALL the text boxes in the order 
shown while looking at the picture.  
 
2- {Instruction 2} Read ALL the text boxes again to understand the parts of the iPad. 
This means that you MUST read ALL the text boxes from 1 to 4 (in the order 
shown) {Demonstrate this as in number 1 but briefly} {Ask the students to read all 
the information for the second time while looking at the picture}.  
 
3- {Instruction 3} Now please look at the picture and read ALL the text boxes for the 
third time. This means that you MUST look at the picture and read ALL the text boxes 
from 1 to 4 (in the order shown) {Demonstrate this as in number 1 but briefly}.  
 
Now before we move on to the next activity, do you have any questions? (Make sure 
students understood the instructions). 
 
2.4) Task Difficulty Scale 
Now, can you please turn to the third page in your booklet. This is a task difficulty scale 
So, What is a task difficulty scale? It is a scale that measures how easy or hard a task is. 
And a task difficulty scale is used to measure this by asking you to indicate how easy or 
hard you believe/feel a task is, so it is YOUR belief and feeling. You will be using this 
scale a number of times in the experiment in the second booklet. So, let’s see how it 
works (Page 3 of booklet). 
 
If you look at the scale, you will see that it has five faces that go from 1, very easy, to 5, 
very difficult. Here is an example. In your head, can you please work out what is 4 + 1? 
{Prompt students to give their answers}. Now, how easy or hard was working out this 
question? {Prompt students to choose a number from the scale and give their answers}. 
Yes, it was very easy. Now, in you head again, can you please work out what is 371 + 
444? {Prompt students to give their answers}. Now, how easy or hard was working out 
this question?. I expect this question to be harder than the first one and therefore should 
have different difficulty rate.. {Prompt students to choose a number from the scale and 
give their answers}Yes, so this was very difficult. Does this make sense? So, 
REMEMBER that you will be using this scale a number of times in the experiment in 
the second booklet.  
 
2.5) Concluding Training Phase:  
Good on you! You have now finished practicing for the second booklet, which you are 
going to work through for the actual experiment. Please REMEMBER that you are 
going to use the SAME learning strategy to study the picture in the second booklet for 
the actual experiment, and REMEMBER you are going to do this by YOURSELF, 
without my help. {Explain that I am not allowed to talk to them in the real 
experiment}. {Re-explain briefly the learning strategy that they need to use}. [Collect 
the training booklets from the students]. 
 




 [Show the second booklet] This is the second booklet that you will be working through 
today for the actual experiment.  
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Before I give you the second booklet, there are three important instructions that I want 
to give you, so the experiment goes smoothly. 
 
1- Please DO NOT look at each other’s work – I am interested in how you respond 
and this is not a test of your ability in any way. It is for me to find out what way of 
presenting information is better for you to learn.  
 
2- DO NOT open your booklet until I tell you to. It is important that you DO NOT 
look ahead in the booklet until you are told to, as everyone has to be on the same page 
at the same time. 
 
3- The experiment will be done in TEST CONDITIONS. So, I am not going to talk 
and it is important that you remain silent during the experiment.  
[Distribute the 11-page instructional booklets and check that each student’s booklet 
matches their ID number from the randomisation sheet]. 
 
3.2) Identifying prior knowledge 
[2 minutes]  
You are going to individually study a picture on the water cycle, but before you study 
the picture, I want to know how much you already know about this topic, So please 
turn to the second page in your booklet {hand out pens and ask the students to fill out 
the information about their age and gender and make sure they have done this} Please 
write down on this picture ANYTHING you know about the water cycle. You have 2 
minutes to do this {Watch the time and alert students when 15 seconds are left}. 
 
3.3) Learning the material 
[8 minutes] 
Now you are going to study a picture on the water cycle and then complete a quiz on 
how much information you understood and learned from studying the picture. You 
might have learned about the water cycle before, but the picture I am giving you is year 
7 and year 8 material, so the quiz questions will be harder. So, it is important that 
you study the picture carefully by using the SAME learning strategy that we used to 
study the iPad picture for practice, EXACTLY the SAME {Emphasise that by briefly 
reiterating each group’s instructions that are written on top of each of the diagrams}.  
 
Before you start studying the picture, the first thing you should do is to carefully read 
the instructions on top of the page. Now, can you please turn to the next page in the 
booklet (page 3). It is an A3 sheet of paper that you need to unfold to open. Ok, now 
begin studying the picture. You will be given 8 minutes to study the picture {Watch the 
time and alert students when 15 seconds are left}. 
  
Note: You’ll not be able to look back at the picture when you are taking the quiz. So, 
you need to study the picture hard to remember the information. 
 
3.4) Task Difficulty Ratings: 
OK. You need to stop now. Can you please fold the page back in half again and turn to 
the next page on your booklet. I want you now to circle/ tick one of the faces on the 
task difficulty scale to show how easy or hard studying the picture was. REMEMBER 
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it is about YOUR belief and feeling. You will have a moment to do this {Make sure 
students have selected one of the faces on the scale}. 
 
3.5) Post-test  
[9 minutes] 
This is the last part of the experiment, which is the quiz.  Before you take the quiz, I 
would like to ask you to do your best, as I need to see which of the pictures that the 
three groups studied was helpful. But as I told you before, don’t worry as the quiz is 
not to show how smart you are, but it is about how good the picture is, and your peers 
and teachers will not know your result. The quiz has 7 pages and everyone MUST be on 
the same page at the same time. You have 2 minutes to answers the question on the first 
page. When you have finished, stay on the same page and check your answers. Do not 
turn to the second page until you are told to. So, you only can turn to the next page 
when I ask all of you to stop and turn to the next page. Now, please turn to the first page 
and start answering [2 minutes]. Ok, it is time stop. Well done so far! I want you now 
to turn to the next page and circle/ tick one of the faces on the task difficulty scale to 
show how easy or hard question 1 was. Now, can you please turn to the next page, you 
have 3 minutes to answer the questions on the third page of the quiz. You are not 
allowed to turn to the previous page and do changes to your answers, or turn to 
the following page. Now, please start answering [3 minutes]. Ok, it is time stop. We 
are about to finish. Now, please turn to the next page and circle/ tick one of the faces 
on the task difficulty scale to show how easy or hard questions 2, 3 and 4 were. You 
have 1 minute to answer the question on the fifth page. Please turn to the next page and 
start answering [1 minute]. You have 3 minutes to answer the questions on the sixth 
page of the quiz. But again, you are not allowed to turn to the previous pages and 
do changes to your answers [3 minutes].  Now it is time to stop. Now, please turn to 
the last page and circle/ tick one of the faces on the task difficulty scale to show how 
easy or hard questions 5 and 6 were. 
 
4) Conclusion:  
Thank students for taking part in the experiment and how much you appreciate their 
help in the study. Ask students not to share the information that they see with anyone 







1) Introduction to the Sessions  
[2-3 minutes] 
Good morning/afternoon. My name is Faisal. You can call me Mr. Faisal. I am a 
researcher at the university of Wollongong. How many know where the university of 
Wollongong is.  
 
Thank you for participating in my research study.  
 
I am doing research as part of my study. What is research? We need to find out 
information so we can help improve your education.  
 
Today I am going to start testing my experiment that I will be doing with all the 
students in Year 5 and Year 6 at this school, over the coming couple of weeks. So, it is 
important not to tell your classmates about what you see here because this can affect the 
experiment badly. 
 
The purpose of my experiment is to find out how to present information effectively.  
 
So, I will give you two science pictures to study, followed by a short quiz on the second 
picture to check how good the pictures was. My experiment has three different groups 
and I have randomly put each of you in one of those three groups.  Each group will be 
studying two pictures that are different to other groups’ pictures.  
 
Ø Explain what the test is for/requests/importance of their participation/how they 
benefit/ their ability to withdraw if become not interested  
14. This is NOT a test of your ability/ how smart you are (I am interested in you 
opinion and what you think, the test is about how good the picture is) 
15. Answering honestly (I have got some materials that I am going to give you. I 
want you to answer honestly) 
16. The quiz has NOTHING to do with your schoolwork 
17. Peers & teachers will NOT know about results 
18. YOU ARE HELPING ME in my study 
19. Benefit for students (You are going to learn about a science topic that you will 
need to learn for school anyway. So, you are helping me and learning in the 
same time) 
 
20. This is just a research and you DO NOT have to take part. So, if at ANY 
TIME you become not interested or feel uncomfortable and would like to stop 
participating, just tell me or tell your teacher. This will not make me or your 
school upset at all.  
 
I hope this is going to be a bit of fun! 
 
2) Training phase 
[About 20 minutes]  
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2.1) Summary  
For today’s experiment you will be working through two booklets and having one 
short quiz. Here is a summary of what we are going to do:  
 
1- First, we will be working on the first booklet. I will train you on some 
instructions so you understand what learning strategy you are going to use to study a 
science picture.  
 
2- Then, I will explain to you what a task difficulty scale is and show you how to use 
it to indicate how easy or hard studying a science picture is. 
 
3- Following this, we are going then to work on the second booklet where you will be 
using the SAME learning strategy to study a second science picture.  
 What we are going to do will take about 45 minutes. 
 
[Give the training booklet to the student and check that it matches their ID number from 
the randomisation sheet]. This is the first booklet that you will be working through 
today. You are going to individually study a picture on a science topic and I will be 
telling you what you need to do. We are going to work through it together, so it is 
IMPORTANT THAT YOU DO NOT LOOK AHEAD until I ask you to.   
 
This is practice for the second booklet, which you are going to work through for the 
ACTUAL EXPERIMENT after finishing this practice.  I REALLY want you to 
understand what we are going to cover in this practice because you are going to do 
EXATLY the SAME when studying the second science picture in the second booklet 
for the ACTUAL EXPERIMENT. 
 
2.2) Studying the picture (Only applies to the redundancy with guidance condition) 
 
But, before you study the second picture for the actual experiment, I would like to 
quickly teach you an effective skill that can help you understand and remember better 
when you study the picture. Now, can you please turn to the second page in the booklet. 
It is an A3 sheet of paper that you need to unfold to open. So, here is a picture of some 
parts of the iPad with information (Page 2 of booklet). Draw student’s attention to the 
cut-out paper text boxes that are stuck with blue- tack, which they will need to remove 
some of them in the activity. Now can you please read the instructions on top. When 
you finish, I will then explain them to you and walk you through the activity. [1 
minute] 
 
Now, I will explain the instructions for you and walk you through this activity. So, let’s 
start. There are 3 instructions:  
 
1- {Instruction 1} Look at the picture and read ALL the text boxes in the order shown. 
This means you MUST look at the picture and read all the text boxes from 1 to 4 while 
reading EVERY single word in the text boxes. So, you need to look at the picture, see 
where no 1 is and read it. Then, do the same with text boxes no. 2, 3 and 4 to make it 
very clear for the students}. You may think it is a lot of reading, but make sure you read 
all the text boxes even if you think you know the information they have, as it could be a 
test question in the real experiment. Now read ALL the text boxes in the order shown 
while looking at the picture.  [2 minutes]  
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2- {Instruction 2} Read ALL the text boxes again and REMOVE any text boxes that are 
not useful to understand the parts of the iPad. Let’s look at the first one {Read it to the 
student, then point to the text box that needs to be removed and say “this is the text box 
that is not useful because it is describing what is already shown in the picture”, then 
remove it to the bottom of the picture, and say “we will remove it and put it in this 
area”} {Do the same for text boxes no. 2 and 3 and prompt the student to give you 
answers about which text boxes should be removed and why}. Then ask the student to 
do box number 4 on their own {check and ask why they chose that text box to be 
removed}  [2 minutes] 
 
3- {Instruction 3} Now look at the picture and ONLY read the text boxes that are left. 
This means that after you have removed the text boxes that are not useful, you need to 
look at the picture and ONLY read the text boxes that are left (in the order shown). [2 
minutes] 
 
2.3) Studying the picture (Only applies to redundancy condition & redundancy-free 
condition) 
 
But, before you study the second picture for the actual experiment, I would like to 
quickly teach you what you need to do to help you UNDERSTAND AND 
REMEMBER when you study the picture. Now, can you please turn to the second 
page in the booklet.  It is an A3 sheet of paper that you need to unfold to open. So, here 
is a picture of the parts of the iPad with information (Page 2 of booklet). Can you please 
read the instructions on top. When you finish, I will then explain them to you and walk 
you through the activity.  
 
Now, I will explain the instructions for you and walk you through this activity. So, 
let’s start. There are 3 instructions:  
 
1- {Instruction 1} Look at the picture and read ALL the text boxes in the order shown. 
This means you MUST look at the picture and read ALL the text boxes from 1 to 4 
while reading EVERY single word in the text boxes. So, you need to look at the 
picture, see where no 1 is and read it. {Then, do the same with text boxes no. 2, 3 
and 4 to make it very clear for the student and do the same with instruction 2 and 
3 but briefly}. You may think it is a lot of reading, but make sure you read ALL the 
text boxes even if you think you know the information they have, as it could be a 
TEST QUESTION in the real experiment. Now read ALL the text boxes in the order 
shown while looking at the picture.  
 
2- {Instruction 2} Read ALL the text boxes again to understand the parts of the iPad. 
This means that you MUST read ALL the text boxes from 1 to 4 (in the order 
shown) {Demonstrate this as in number 1 but briefly} {Ask the student to read all 
the information for the second time while looking at the picture}.  
 
3- {Instruction 3} Now please look at the picture and read ALL the text boxes for the 
third time. This means that you MUST look at the picture and read ALL the text boxes 
from 1 to 4 (in the order shown) {Demonstrate this as in number 1 but briefly}.  
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Now before we move on to the next activity, do you have any questions? (Make sure 
the student understood the instructions). 
 
2.4) Task Difficulty Scale 
Now, can you please turn to the third page in your booklet. This is a task difficulty scale 
So, What is a task difficulty scale? It is a scale that measures how easy or hard a task is. 
And a task difficulty scale is used to measure this by asking you to indicate how easy or 
hard you believe/feel a task is, so it is YOUR belief and feeling. You will be using this 
scale a number of times in the experiment in the second booklet. So, let’s see how it 
works (Page 3 of booklet). 
 
If you look at the scale, you will see that it has five faces that go from 1, very easy, to 5, 
very difficult. Here is an example. In your head, can you please work out what is 4 + 1? 
{Prompt students to give their answer}. Now, how easy or hard was working out this 
question? {Prompt the student to choose a number from the scale and give their 
answers}. Yes, it was very easy. Now, in you head again, can you please work out what 
is 371 + 444? {Prompt the student to give their answer}. Now, how easy or hard was 
working out this question?. I expect this question to be harder than the first one and 
therefore should have different difficulty rate.. {Prompt the student to choose a number 
from the scale and give their answer} Yes, so this was very difficult. Does this make 
sense? So, REMEMBER that you will be using this scale a number of times in the 
experiment in the second booklet.  
 
2.5) Concluding Training Phase:  
Good on you! You have now finished practicing for the second booklet, which you are 
going to work through for the actual experiment. Please REMEMBER that you are 
going to use the SAME learning strategy to study the picture in the second booklet for 
the actual experiment, and REMEMBER you are going to do this by YOURSELF, 
without my help. {Explain that I am not allowed to talk to them in the real 
experiment}. {Re-explain briefly the learning strategy that they need to use}. [Collect 
the training booklet from the student]. 
 




 [Show the second booklet] This is the second booklet that you will be working through 
today for the actual experiment.  
 
Before I give you the second booklet, there are three important instructions that I want 
to give you, so the experiment goes smoothly. 
 
1- I am interested in how you respond and this is not a test of your ability in any way. It 
is for me to find out what way of presenting information is better for you to learn.  
 
2- DO NOT open your booklet until I tell you to. It is important that you DO NOT 
look ahead in the booklet until you are told to, as everyone has to be on the same page 
at the same time. 
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3- As you are completing the activities in this booklet I would like you to say out loud 
your thoughts, so it is important hat you say out loud what you are doing, thinking 
or feeling, and this will be audio recorded. [Give the 11-page instructional booklet to 
the student and check that it matches their ID number from the randomisation sheet]. 
 
3.2) Identifying prior knowledge 
[2 minutes]  
You are going to individually study a picture on the water cycle, but before you study 
the picture, I want to know how much you already know about this topic, So please 
turn to the second page in your booklet {hand out pens and ask the students to fill out 
the information about their age and gender and make sure they have done this} Please 
write down on this picture ANYTHING you know about the water cycle. You have 2 
minutes to do this {Watch the time and alert students when 15 seconds are left}. 
 
3.3) Learning the material 
[8 minutes] 
Now you are going to study a picture on the water cycle and then complete a quiz on 
how much information you understood and learned from studying the picture. You 
might have learned about the water cycle before, but the picture I am giving you is year 
7 and year 8 material, so the quiz questions will be harder. So, it is important that 
you study the picture carefully by using the SAME learning strategy that we used to 
study the iPad picture for practice, EXACTLY the SAME {Emphasise that by briefly 
reiterating each group’s instructions that are written on top of each of the diagrams}.  
 
Before you start studying the picture, the first thing you should do is to carefully read 
the instructions on top of the page. Now, can you please turn to the next page in the 
booklet (page 3). It is an A3 sheet of paper that you need to unfold to open. Ok, now 
begin studying the picture. You’ll not be able to look back at the picture when you are 
taking the quiz. So, you need to study the picture hard to remember the information. 
 You will be given 8 minutes to study the picture, and as I told you say your thinking 




3.4) Task Difficulty Ratings: 
OK. You need to stop now. Can you please fold the page back in half again and turn to 
the next page on your booklet. I want you now to circle/ tick one of the faces on the 
task difficulty scale to show how easy or hard studying the picture was. REMEMBER 
it is about YOUR belief and feeling and keep thinking out loud. You will have a 
moment to do this {Make sure students have selected one of the faces on the scale and 
ask them why they chose this rating.  
 
 
3.5) Post-test  
[9 minutes] 
This is the last part of the experiment, which is the quiz.  Before you take the quiz, I 
would like to ask you to do your best, as I need to see which of the pictures that the 
three groups studied was helpful. But as I told you before, don’t worry as the quiz is 
not to show how smart you are, but it is about how good the picture is, and your peers 
and teachers will not know your result. The quiz has 7 pages and you and you have 2 
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minutes to answers the question on the first page. When you have finished, stay on the 
same page and check your answers. Again, I would like to keep thinking out 
loud..Now, please turn to the first page and start answering [2 minutes]. Ok, it is time 
stop. Well done so far! I want you now to turn to the next page and circle/ tick one of 
the faces on the task difficulty scale to show how easy or hard question 1 was. {ask 
them why they chose this rating and do this after each time they had provided a 
rating on the scale during the test phase. Now, can you please turn to the next page, 
you have 3 minutes to answer the questions on the third page of the quiz. Now, please 
start answering [3 minutes]. Ok, it is time stop. We are about to finish. Now, please 
turn to the next page and circle/ tick one of the faces on the task difficulty scale to 
show how easy or hard questions 2, 3 and 4 were {ask them why they chose this 
rating}. You have 1 minute to answer the question on the fifth page. Please turn to the 
next page and start answering [1 minute]. You have 3 minutes to answer the questions 
on the sixth page of the quiz. [3 minutes].  Now it is time to stop. Now, please turn to 
the last page and circle/ tick one of the faces on the task difficulty scale to show how 
easy or hard questions 5 and 6 were{ask them why they chose this rating}.  
 
4) Conclusion:  
Asked the student if they have any comments about the experimental materials. 
 
Thank the student for taking part in the experiment and how much you appreciate their 
help in the study. Ask the student not to share the information that they see with 







I Thank you.  Today is Friday, 6th of March, 2015.  Participant’s number 6, 
experiment 2 pilot.  The time now is 12:04.  Please go.  
P Okay. 
I You have two minutes to do this, okay? 
P So do I write it down? 
I Yeah, write down anything you know about the water cycle. 
P So do I just write it? 
I …picture.  You can write… 
P Okay [writing]. 
I Just think loud so we can get it here. 
P Four in the sea. 
I Friday 6th of March, 2015, experiment 2 pilot.  Participant number 6.  The time is 
now 12:04. 
P Mountains.  Mountains.  Rain is falling.  The sun is coming down.  Try to dry up 
the rain that fell earlier.  Wind is pushing the… 
I That’s it. 
P …rain. 
I Need to stop.  Okay.  Thank you and now, can you please turn to the next 
page?  It’s an A3 page that you need to unfold, here.  Now I’d like you to read 
the instructions carefully. 
P Okay. 
I Okay?  And I’d like to remind you of the strategy you are going to follow. 
P Okay. 
I Look at the picture, read all the text boxes in [0:03:16.7], read again all the text 
boxes to understand the water cycle.  Now look at the picture and read all the 
text boxes for the third time. 
P Okay. 
I Read this and read the instructions and start.  I give you eight minutes to do this. 
P Okay. 
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I I’d like you to think aloud, okay? 
P Yes. 
I Read aloud everything you are doing, okay. 
P Okay.  The water cycle is the journey water takes as it moves from land to the 
sky and back again.  Look at the picture and read all the text boxes in the order 
shown, read all the text boxes again to understand the water cycle.  Now, look at 
the picture and read all the text boxes for the third time.  The sun is a source of 
heat energy.  It heats up water in plants and the ocean, turning into gas.  This is 
the first step of the water cycle.  It is shown by the black arrows coming out from 
the sun and the blue squiggly arrows that are coming out from the tree and 
oceans.  Squiggly lines, okay.  And two.  When the water from the ocean is 
heated it turns into gas in a process called evaporation.  This is the second step 
of the water cycle.  It is shown by the blue squiggly arrows coming from the 
ocean into the atmosphere and the large white arrow from the land is to the 
atmosphere. 
 Number 3.  As the sun heats water in the leaves of plants, water turns into gas 
through evaporation.  This process is called transpiration. This is the third step 
of the water cycle.  It is shown by the blue squiggly arrows from the trees into 
the atmosphere and the large white arrow from the land into the atmosphere.  
Squiggly lines, the blue lines and the white lines. 
 Four.  Rising air currents take the gas up into the atmosphere.  This process is 
called convection.  This is the fourth step of the water cycle and it is shown by 
the blue squiggly arrows going up into the atmosphere and the large white 
arrows from the land to the atmosphere.  The large white arrows and the blue…  
 Oh, five.  As gas from the plants and the oceans rise, it cools and changes back 
into liquid forming clouds.  This process is called condensation.  Clouds are 
made up of water and droplets and get bigger.  This is the fifth step in the water 
cycle which is shown by the blue squiggly arrows coming from the trees and 
oceans up into the clouds.  So the ocean and the trees. 
 Six.  When clouds become too big from the water droplets, the water falls back 
to the earth.  This process is called precipitation.  This is the sixth step of the 
water cycle.  It is shown by the large cloud which has many water droplets falling 
back to the earth.  
 Number 7.  As water falls, it flows downhill over the land and eventually returns 
to the ocean.  This process is called surface run off.  This is the last step of the 
water cycle.  It is shown by the water droplets falling and flowing on the land.  
This cyclic nature of the water cycle is shown by two large white arrows. 
I Okay, keep going.  Keep studying using the same study. 
P Okay.  The sun is a source of heat energy.  It heats up water in plants and the 
ocean, turning into gas.  This is the first step of the water cycle.  It is shown by 
the black arrows coming from the sun – black arrows from the sun - and the blue 
squiggly arrows that are coming from the tree and ocean – the trees and then 
the ocean.  When water from the ocean is heated it turns into gas in a process 
called evaporation.  This is the second step of the water cycle.  It is shown by 
the blue squiggly arrows coming from the ocean into the atmosphere and the 
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large white arrow from the land to the atmosphere [0:08:08.9] arrows, plus 
squiggly line. 
 As the sun heats water in the leaves of plants, water… plants, water turns into 
gas through evaporation.  This process is called transpiration. This is the third 
step of the water cycle.  It is shown by the blue squiggly arrows from the trees 
into the atmosphere and the large white arrow from the land to the atmosphere.   
 Rising air currents take the gas up into the atmosphere.  This process is called 
convection.  This is the fourth step in the water cycle and is shown by the blue 
squiggly arrows going up into the atmosphere and the large white arrows from 
the land to the atmosphere. 
 A gas from the plants and the oceans rise, it cools and changes back into liquid 
forming clouds.  This process is called condensation.  Clouds are made up of 
water droplets and getting bigger.  This is the fifth step in the water cycle which 
is shown by the blue squiggly arrows coming from the trees and the ocean up 
into the clouds.   
 When clouds become too big from the water droplets, the water falls back to the 
earth.  This process is called precipitation.  Precipitation.  This is the sixth step 
of the water cycle.  It is shown by the large cloud which has many water droplets 
falling back to the earth.  
 As the water falls, it flows downhill over the land and eventually returns to the 
ocean.  This process is called surface run off.  This is the last step of the water 
cycle.  It is shown by the water droplets falling and flowing on the land.  This 
cyclic nature of the water cycle is shown by two large white arrows.  So the 
arrows.  So black arrows coming from the sun is the source of heat energy.  It 
heats up the water in plants and the ocean, turning it into gas.  So that’s the 
ocean.  When the water from the ocean is heated it turns into gas in the process 
called evaporation so it evaporates.  [0:10:57.1] arrows coming [0:11:00.5] 
into… the squiggly lines from the trees, atmosphere, [so we do? 0:11:14.0] the 
sky.  [Whispering].  Those squiggly lines going up to the atmosphere [0:11:29.3] 
and then the large white arrows from the land going up to the atmosphere.  So 
that’s there, that [0:11:36.5], four, five.  Condensation [whispering 0:11:54.0] 
water droplets.  The water [whispering 0:12:03.1]. 
I Have you finished reading for the third time? 
P Yes. 
I What are you up to here? 
P I was up to number six. 
I Okay. 
P [Whispering 0:12:20.1]. 
I Okay, just think aloud. 
P Okay, this process is called the surface run off… downhill so it goes down… 
turns to the ocean so it goes through there and goes to the ocean.  Droplet, the 
water droplets from… 
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I Okay, we need to stop. 
P Okay. 
I Thank you.  So [writing].  Okay, now, thank you very much.  You have studied 
the picture now?  Okay, using the strategy reading three times, okay? 
P Okay.   
I Now, I want you to turn to the next page and read how easy or hard you find the 
picture, [0:13:28.9] studying the picture. 
P [Silence]. 
I Okay, why did you pick this? 
P Because some of the words I could read them but I didn’t really understand 
them and some of the words were a bit hard like what they were called. 
I Okay, but you picked [nutralike? 0:14:31.3] so you feel studying the picture was, 
all the picture was, [0:14:40.2] not hard but easy? 
P It wasn’t easy but it wasn’t hard.  It was yeah, sort of in the middle. 
I Good.  Yes [whispering].  Yes, now [do that please? 0:15:13.9].  I’d like you to 
read the instructions.  This is question number one, the quiz. 
P Okay. 
I Read the instructions carefully, then start this.  I’ll give you two minutes to do 
this, okay? 
P Okay. 
I Two minutes from now. 
P [Silence]. 
I Oh, I want you to think aloud again. 
P Okay.  So the raindrops eventually go downhill back to the ocean so the sun 
evaporates water from the plant. 
I Can you speak louder so we can get it here? 
P So the sun evaporates water from the water in the plants, the raindrops drop 
and they go back… 
I And remember you’re not talking to me, okay? 
P Okay. 
I You’re just thinking aloud because this is what I want. 
P Okay.  So [silence].  The tree heats [0:17:05.6] goes into the atmosphere, the 
atmosphere [silence]… 
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I That’s it. 
P Okay. 
I Need to stop.  Thank you.  Thank you for that.  Now, you have answered this 
question.  Now I want you to read how hard or how easy it was on this scale 
again.  It’s just what you feel and what you think, okay? 
P Okay.   
I Okay, why did you pick “neutral” for question number one? 
P I chose that one because it… the quiz wasn’t very easy but it also wasn’t very 
difficult.  I did have some trouble remembering some of the names but I 
remember like what they do. 
I Okay.  So this way it wasn’t easy, it wasn’t hard? 
P Yes. 
I It was in the middle.  Okay [whispering 0:18:41.0].  Okay, now, turn to the next 
page.  Thank you.  Now you have these questions here.  I’d like you to read the 
instructions carefully and start answering the questions.  I’ll give you three 
minutes. 
P Okay.  You have three minutes to complete this page.  When you finish, turn this 
page and check your answers.  Explain how clouds form.  Clouds form by the 
atmosphere and the gases from the sea/ocean.  Three – what is the name of the 
process where plants lose water from the leaves into the air?  Name of the 
process where plants [whispering]. 
I Would you please think out loud so we can get what you are thinking here? 
P The name of the process is called “evaporate” because the water dries up from 
the sun.  Okay, what is precipitation?  Precipitation is… precipitation – it’s 
[silence].  Precipitation – it’s… 
I The time has finished. 
P Oh. 
I Sorry I haven’t told you. 
P That’s okay. 
I Okay.  Don't worry about it.  That’s not part of your school work. 
P Okay. 
I Teachers, friends will not see it, they’ll not know your results, okay. 
P Okay. 
I Just me. 
P Okay. 
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I Okay.  Now, you have answered these three questions.  I want you to read how 
easy or hard they were. Okay?  And why did you pick number two here? 
P I chose number two because I didn’t find it very difficult.  The last question was a 
little bit hard but the first two questions I found were very easy and they were 
fresh in my mind. 
I Mm hmm. 
P So I found them… 
I Okay, good.  Good, thank you.  Now, turn to the next page.  It’s the last two 
questions. We’re nearly finished.  Yes, read the instructions again and I’ll give 
you one minute to do this, starting from now. 
P Okay.  You have one minute to complete this page.  When you finish, stay on 
this page and check your answers.  Five – after you’ve had a hot shower, why 
do drops of water appear on the bathroom mirror?  The water drops appear on 
the bathroom mirror because you have just come out of the shower and… 
I Okay? 
P Yes. 
I You just talked.  Thank you.  Thank you for that. 
P You’re welcome. 
I Now, do the last question and I give you three minutes to do this.   
P Okay. 
I Read the instructions carefully. 
P Okay. 
I Read carefully the question as well and start answering.  Three minutes from 
now. 
P You have three minutes to complete this page. When you’ve finished, stay on 
this page and check your answers.  Six – a pot of water is being heated on the 
stove.  The pot is covered with a glass lid.  Draw and label on the picture what 
happens to the water as it heats up and eventually cools.  So, it’s like [drawing].  
So that’s [silence]. 
I Just think aloud. 
P So the fog from the heat has evaporated onto the glass.  The lid [whispering].  
So that’s water cooling down on medium low, medium, low, high.  Draw and 
label the picture what happens as the water as it is heated up and eventually 
cools.  Okay [whispering].  As it cools the… starts [0:26:56.1] evaporate… starts 
to evaporate because the hot air is gone and as [whispering]… 
I Think out loud. 
P As you take the lid off the hot… hot air escapes.  As you turn the temp… 
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I Oh, time has finished actually.  Okay, thank you very much.  Now you remember 
you answered this question, number five. 
P Yes. 
I And number six. 
P Okay.   
I Now, how easy or hard you rate those two questions on this scale [whispering].  
Yes, why did you choose number two? 
P Well, for the question number five, I found it wasn’t too easy, like I felt 
comfortable answering it and number six, which is the labelling and drawing, 
was good and like it wasn’t very easy but it also wasn’t very difficult.  I could 
manage to do it. 
I Mm hmm.   Yeah.  Okay.  Okay, good.  Thank you.  Now you have finished this.  
Thank you very much. 
P Yep. 
I One more question for you. 
P Okay. 
I Do you have any comments or… yeah, do you have any comments on the scale 
or on the picture, studying the picture?  Any comments?  
P No, I found it was good and… 
I Okay, how do you find the scale?  Do you understand it? 
P Yeah. 
I Okay. 
P Yes, I do. 
I And you think you picked appropriate numbers? 
P Yes. 
I That really shows how you felt? 
P Yes.  I don't regret like doing… 
I Okay, good.  Good, and the picture, you rated it as “neutral”.  Do you think it’s 
appropriate as well? 
P Yes.  
I Okay.  Okay.  Thank you very much, Anna. 
P Thank you. 
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I Thank you.  You can keep this as a small gift from me. 
P Oh, thank you. 
I Thank you, Anna, for your participation.  Thank you. 
P Thank you. 
I Bye bye. 
P Bye bye. 
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Appendix	Q:	58 articles that were resulted from Scopus	search	with	their	Google	
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